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EDUCATION OF MEDICAL STUDENTS. 


of the earth, andits extreme branches only 
are visible on the surface. This extensive 
department treats of the composition and 





Properties of the fluids and tiaues of ant. 


hodies, the structure and development 
of the several organs, and the uses or) 
functions of every part, thus constituting! 
the general and descriptive anatomy o 
animals and animal physiology. Secing 
the imperfect knowledge of man to be de- 
rived from studying man alone, physiolo- 
gists, in all ages, have sought to compre- 
fend and illustrate his vital economy by 
studying that of inferior animals; and 
their labours have thus been rewarded by 
the discovery of the circulation of the 
blood, the iacteal vessels, the thoracic 
duct, the lymphatic absorbents, the princi- 
ple of galvanism, the functions of the 
nerves, and many others, made on the 
lower animals, which have changed the 
whole face of medical science. Compard~ 
tive anatomy, like chemistry and botany, 
spurning its origin as subservient to man’s 
economy, or to medicine, has assumed an 
independent rank among the sciences, and 
has extended its influence over zoology, 
geology, and the fine arts. 

From the structure of man and animals 
the student passes to that of plants—to the 
study of Botany, one of the most exten- 
sive and pleasing departments of the me- 
dical curriculum, and one which has Jong 
been cherished and protected in our uni- 
versities and medical schools, by the regu- 
lations of public bodies and the guardians 
of education. Treating of the structure 
and functions and history of vegetables, it 
stands in the same relation to medicine as 
comparative anatomy, animal physiology, 
and zoology, taken collectively, which have 
never been protected by our profession. 
‘The first development and the lowest con- 
ditions of the organs of vegetative life, and 

jhenomena of life exhibited by the 
tag jest forms of organization, the nature 
and functions of the vegetable tissues and 
vestels,—the phenomena of circulation in 
the cells,—the endosmose of the roots,— 
the motions of the sap in inert vessels,— 
the respiration of the leaves,— the signs of| 
sensibility,—the whole phenomenaof fruc- 
tification and germination,—the influence 
of external agents on the vital phenomena 











the vie 
and physiologist. The principles of clas- 
sification as applied to vegetable forms, 
and the history of the families and species, 
form an indispensable preliminary to the 
study of materia medica, Although me- 
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dicine is thus largely indebted to the de- 
lightful pure of the botanist, botany is 





dom elongell to the medical profession, 
as Brown, Hooxer, Grevitir, Linp- 
tey, Apnor, and BENTHAM. 

The living functions of plants and ani- 
mals are the province of physiol 
which examines the processes by which 
{foreign matter, introduced into these liv- 
ing laboratories, is converted into their 

, the manner in which they 
‘by surrounding nature, and 
the means by which they continue their 
race. Resting on anatomy, human, com- 
parative, and vegetable, and using the 
ight of natural philosophy and chemistry, 
it examines the machinery in a state of 
action, to determine how far each part 
contributes to the general result; and by 
accurately defining the healthy function of 
each organ in the general vortex of life, it 
paves the way for the study of pathology, 
which considers them in a state of disease, 
It is here divided into three departments, 
vegetable, animal, and human physiology, 
which are considered separately in the 
classes of botany, comparative anatomy, 
and human anatomy. 

‘Accident and experiment, more than 
reasoning, have pointed out many mine- 
ral, vegetable, and animal substances, 
which exert peculiar and often ec 
dinary powers, when taken into the li 
body powers by which the vital functions 
are variously modified, the fluid altered 
in composition and properties, and the 
textures of the organs changed or de- 
stroyed. These are the chief instruments 
employed by the physician to check the 
progress of morbid actions and restore the 
healthy ; and as each exerts, under similar 
circumstances, its own peculiar action, 
they can be classified according to their 
properties, and their degrees of activity 
can be determined with precision. Hence 
has arisen that extensive and important 
department, materia medica, which treats 
of the properties of medicinal agents, the 
art of pharmacy, by which they are pro- 
cured from nature, and prepared for ad- 
ministration, and therapeutics, which ex- 
plains their mode of action on’ the living 











tienge and lies tothe medical studenta 
new interest in the study of the three 
kingdoms of nature. 

The student who has seen all parts of 
the human body demonstrated and de~ 





acribed, and, in his private weudy, boa SA- 





EDUCATION OF MEDICAL STUDENTS. 
profes- drowning, infanticide, are among the pre- 


‘tion, stored by liberal career of 
sional studies, and correoted by the care-| 
fulobservation of all forms of disease, and 
‘particularly of such as affect the constitu- 
tio at large or the 
The ment termed the Principlesand| 
Practice of Medicine, conveys to the stu- 
dent the fruits of this experience, and ex- 
plains the general principles which can be 
‘with safety deduced from it, as regards 
the characters, the origin, the causes, 
the indications, the effects, the remedies, 
and the whole history of such diseases. 
Clinical medicine, like clinical surgery, is 
that by which the student learns at the bed- 
side of the patient, the truth and value of| 
the precepts and theories explained in the: 
class- and is the best preliminary to 
his entering on the responsible duties of a 
physician. 

Detached from physic and surgery, yet 
partaking of both, is the province of the 
accoucheur—midwifery, and the diseases 
of women and children—a department 
which involves the most intricate parts of 
anatomy and physiology, the nicest and 
the boldest operations of surgery, and the 
most perplexing and difficult cases of the 
practice of medicine. The whole uterine 
system, and the changes it undergoes, the 
phenomena of impregnation and concep- 
tion, the development of the embryo, and 
the systems of the foetus, the diseases of 
pregnancy, the difficulties of labour, and 
the operations required to assist it, the 
ambiguous maladies incident to the puer- 
peral state, the theory and phenomena of 
menstruation, the critical diseases of in- 
fants and children,—are among the sub- 
jects to which the student’s attention is 
directed in this extensive field of study 
and practice. Having for its subjects the 
fair sex and the helpless infant, it is, in 
study, perhaps the most gratifying de- 

jent of the profession, but in prac- 
tice the most trying to the heart, the 
mind, and the hody. 

‘The highest branch of the carriculum, 
the most responsible department of the 
profession, and one requiring the most 
‘extensive and varied attainments, is cer- 
tainly medical jurisprudence; a depart- 
ment of modern date, closely connecting 
medicine with legislation, and which has 
arisen, like laws, from the vices of men. 

‘The vices of Nero, Caligula, and Cara- 
calla, have been surpassed by the refined 
enormities of our own days. Society, 
which developes the powers of man, gives 
refinement to vice as well as to virtue; 
and in proportion as vice has become 
more cunning, the searching law has re- 
doubled its energies to hunt it out. Poi- 
soning, suffocation, burning, secret wounds, 
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tives of our and the subjects 
ofetudy fr the medial fori. How many 
8 victim has sunk unheeded into the 


organs.| grave, and left the murderer to steal un- 


[suspected through the rest of life! But 
now the carcass, gone to shreds, can be 
made to stand in appalling judgment 
against the murderer, and render him the 
poison, grain for grain. Medicines are 
Poisons, and the more virulent the more 
valuable, in skilful hands, which can make 
them act like magic on the most stubborn 
fraine; but ignorance and crime are daily 
administering them in mortal doses; and 
‘an intricate branch of medical jurispru- 
dence, toxicology, is chiefly occupied with 
the discovery of means to detect their 
presence before or after death, and to 
counteract their virulence during life. In 
medical inquests on the dead hody, where 
the life of an innocent accused is often at 
stake, the nicest acquaintance with morbid 
anatomy is often required, to distinguish 
the natural effects of disease or incipient 
decay from the consequences of recent 
injuries, or the morbid changes produced 
by poisons; and the detection of the va- 
rious poisons, under such circumstances, 
often demands the profoundest knowl 

of chemical analysis. Indeed, from the 
importance and the variety of the subjects 
which come under the cognizance of the 
medical jurist, he requires not only the 
greatest professional knowledge and ex- 
perience, but great presence of mind, and 
candour, and a judgment clear, ready, and 
unbiassed. 

Such are the departments taught by the 
medical faculty of this establishment, and 
to facilitate their acquisition, as well’ as to 
diminish the expense to the student, he 
has constant access to a medical library, 
containing many valuable works and plates, 
and to amuseum of anatomy already equal 
to that of any medical school in the me- 
tropolis. A separate museum is formed 
for the departments of comparative ana- 
tomy, comparative physiology, and z00- 
logy, in which these subjects are taught. 
In common with all other medical schools 
of London, we are still destitute of a bo- 
tanic garden, but the connexion of our 
Tearned professor of botany with the Hor- 
ticultural Society of London fortunately 
enables him to prevent that deficiency 
from being felt. For the illustration of 
morbid anatomy the University possesses 
an immense collection of coloured draw- 
ings, executed by the professor of that 
[department himself from actual diseases, 
and the most interesting parts which they 
represent are preserved in spirit in the 
‘Museum, together with the history of the 





starvation, torture, suicide, rape, hanging: 


[cases ; this department, which is algo iJlus- 
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LECTURE I. 
ON THE HISTORY AND PRESENT STATE 
OP THE SCIENCE, 

Comparative Anatomy is that branch 
of physical science which treats of the 
structure of animals. It describes the 
forms of the several organs, their intimate 
composition, their internal mechanism, 
and their various connexions with each 
other in every class of animals. It traces 


the gradual development of the organs in | 


the embryo, from their primitive through 
all their succeeding ‘forms, and shows the 
relations which exist between these tran- 
sient forms and the now conditions in 
which the animal is placed in cach of the 
phases of its existence. It teaches us the 
uses of tho several parts of animals, the 
functions they perform in their economy, 
the laws which regulate the co-existence 
of organs in the same machine, and those 
which determine the forms of individual 
organs in each class. It points out the 
relation which exists between the me- 
chanism and the movements of animals, 
their structure and functions, and thns 
leads us to penetrate the mystery of their 
vital phenomena, their diversified living 
habits, and the remarkable instincts of 








particular species. It discovers to us un- 
No, 528. 


expected analogies in the forms and struc- 
ture of parta in animals remote from each 
other in the scale, and by extending those 
analogies it leads us to perceive a resem- 
blance of structure in very different classea 
of animals, and a uniformity of system—a 
unity of plan—in the organization of the 
whole animal kingdom. 

Comparative anatomy is a science of 
analysis 
composition and the primitive or essential 
elements of all the organs of the body, by 
watching the order in which their parts 
are called successively into being, either 
in the embryo of the same animal, or in 
ascending through the great body of the 
animal kingdom. Presupposing a know- 
ledge of the structure of the human body, 
it compares the organs of the inferior ani- 
mals with those of man, and shows us that 
the transient forms of his organs are only 
repetitions of the permanent forms of the 
same parts in inferior classes,—that the 
same laws regulate the forms in both, and 
that although he possesses, upon the 
whole, the most complex and elaborate 
organization met with in nature, he is 
inferior to many of the lower animals in 
the degree of development of particular 
organs. It is only by this kind of com- 
parison that we can acquire an accurate 
conception of the true character of human. 
organization. And by more extended 
comparisons we determine the rank w! 
the inferior tribes of animals occupy in 
the scale of beings. By. determining the 
general laws which regulate the natural 
development of parts, we arrive at the 
theory of irregular developments, or mon- 
, in the animal kingdom, and find 
that those apparently anomalous forma- 
tions are the result of laws as simple and 
uniform as those which regulate the 
healthy or normal structure. By taking 
an extensive survey of the organization of 
existing animals, we discover this remark- 
able truth, that the development of every 
organ of the human body can be'traced 
through all its successive stages in the 
great body of the animal kingdom, and 
the form which an organ presents in each 
of the lower classes corresponcs with its 
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alone by lectures and publications that 
Germany has advanced the interests of 
comparative snatomy. The splendid mu- 
seum of Berlin, formerly under the di- 
rection of Rupo.rnt, contains a vast and 
beautiful series of zootomical preparations, 
the rich collections of Professor MeckrL 
are constantly increasing in extent by the 


indefatigable zeal of that profound anato-| 


mist, and the zootomical collections of, 
Leyden, Bonn, Frankfort, Halle, Vienna, 
Dresden, Goettingen, and other parts of 
Germany, will extend and perpetuate an 
interest in the study, even beyond the ex- 
ertions of its present numerous cultiva- 
tors. The annual meetings of the Ger- 
tan naturalists in different parts of the 
empire, and the numerous societies de- 
voted to the advancement of these pu 
suits, promote the rapid diffasion of sci 
entific discoveries, excite a generous emu- 
lation, and give a due direction to that 
zeal for which they are so eminently dis- 
tinguished. 

‘The poverty of the Italian states pre- 
vents them from giving that public sup- 
port to the more expensive branches of 
physical science, which is so advantage- 
ously and judiciously bestowed by the 
more wealthy countries of Europe. Hence, 
notwithstanding the number of distin- 
guished anatomists who have flourished 
in Italy, the great medical schools of Pa- 
via, Padus, Pisa, and Bologna, present no 
means of studying this department of a 
tomy; and in the vast musoum of wax 
anatomical preparations, the Gabinctto 
Physico at Florence, there are very few 
specimens illustrative of comparative ana- 
tomy. Italy, however, the country of| 
Pruxy, of Anprovannus, of Rept, of 
Faparcrus, Moncacnr, SPALLANZANI, 
Fontana, Mascaon1, and Scarpa, has 
not remained indifferent to the progress 
of this science in other parts of Europe, 
hut has laboured with singular success in 
many of its most obscure departments. 
We shall have frequent occasion to speak’ 
of the researches of Cavoxtnr on the ani- 
mals of the Bay of Naples. They present 
the most singular discoveries which have 
yet been made in this department of ac 
ence, and though published by that pro- 
found and accurate observer nearly fifty 
years ago, they are only now beginning 
to be known to Europe. The folio ana- 
tomical works of Pott, on the Anatomy of| 
the Testaceous Mollusca of the Two Sici- 
lies, published at Parma, have never been 
au for minuteness of detail and 
splendour of execution. ‘The interesting 
and beautiful quartos of Dette Catass, 
on the Anatomy of the Invertebrate Ani- 
mals of the Kingdom of Naples, the re- 
cent researches and interesting discoveries 
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of Rusconr on the structure and develop- 
ment of the salamander, the proteus, and 

\other reptiles; the valuable labours of 

Risso on the animals of the Mediter- 

|Fanean, the researches of the late Ro- 

‘Lawpo on the great centres of the ner- 

ivous system in the higher classes of ani« 

‘mals, the zootomical investigations of 

Morescur of Milan, Livet, CaRena, 

Giorna, and MALAcARNE, the laborious 

Iresearches of Broccut and CaTuzto on 

the fossil animals of Italy, and the syste- 

| matic works on comparative anatomy by 
| Professor Jacort of Pavia, and Uccenir 
of Florence, have continued to support 
the long-established reputation of the 
Italian schools; and not a little of that 
zeal for zootomical pursuits, which of late 
years has been so generally manifested in 
| that country, and is so advantageous to the 
science, is due to the public instructions, 
and to the unwearied, though unsupported, 
exertions of the late Dr. Mstaxa, my 
learned friend and preceptor, who was 
appointed professor of comparative ana- 
tomy in the University of La Sapienza at 

Rome, in 1813, by Baron Cuvier. 

All tho descriptive branches of p 
science require for their successful Lm 
a constant appeal to the objects described, 
and no department appears more de- 
pendent on such illustration than compa- 
tative anatomy. Common observation 
makes us all familiar with the general 
outward forms of animals, and a short 
description may convey to us a pretty 
accurate idea of the form of one we have 
never seen. But their complicated ma- 
chinery lies concealed from our view, it 
requires patience and skill to bring it into 
sight, and no distinct idea can be con- 
veyed by mere description to the inexpe- 
rienced, of that complex arrangement of 
parts, and. those minute differences of 
structure, on which the peculiar habits of 
the species often depend. A constant 
reference to the objects themselves is the 
more necessary in comparative anatomy, 
from the extent and variety of the animal 
kingdom, and the rarity of many of the 
objects it comprehends. 

In the possession of these means of 
illustrating every department of this ex- 
tensive study, no oe Europe can 
compete with France. The museums of 
comparative anatomy and zoology in the 
Garden of Plants at Paris, have been con- 
stantly augmenting for more than a cen- 
tury, and have long surpassed in extent 
and magnificence everything of the kind 
in existence. When Burron was appoint- 
ed director of the Garden of Plants in 
1789, there wore two, rooms containing, 
zoological specimens already open vo yun 
lic inspection, and one room conteming, 


hysical 
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skill and ent of her navigators and 
travellers have immensely extended the 
progress of geographical discovery in both 
hemispheres. ‘The great savannas of the 
New World, and the frozen solitudes of 
North America, have been explored. The 
‘Arctic seas are annually navigated by 
fleets of British whalers. The vast soli- 


tudes of New Holland and Van Diemen’s| 


Land have been often traversed. British 
armies have traversed vast regions in Asia 
hitherto almost unknown. The scorching 
sands and savage deserts of Africa have 


often been deliberately explored, and the! 
icy summits of the Cordilleras, and of the | 


Himalaya monntains, 27,000 feet above 
the ocean, have proved no barriers to Bri- 
tish enterprise. Our countrymen have 
circumnavigated the globe times without 
number, have sought dangers in every part 
of the Atlantic and Pacific oceans, and, 
surrounded with mountains and fields of 
ice moving like tempests, in every direc- 
tion through the Arcticand Antarctic seas, 
they have boldly struggled to approach 
the Pole: 

‘The mineral treasures of the most 
tant countries have been collected an 
examined, and the floras of most regions 
of the globe have been carefully investi- 
gated and described. The studies of geo- 
logy and mincralogy have long formed a 
part of the plan of education in all our 
British universities, and numerous socie- 
ties have long existed in all parts of the 
kingdom devoted to the advancement of 
these pursuits. Immense advantage to 
the country has accrued from the encou- 
ragement given to these branches of 
natural history, by the discovery of its 
numerous mineral riches, by the improve- 
ment of its agriculture, and by enabling it, 
annually to distribute over the colonies 
men well qualified to extend these advan- 
tages. The active exertions and published 
transactions of these societies have also 
mainly contributed to the present advanced 
state of geology in Zurope. The study of the 
vegetable kingdom, one of the most inte- 
resting and important branches of physical 
science, commenced its career as merely 
subservient to Materia Medica. It has 
gradually risen by ite utility and attrac- 
tions to the rank of an independent and 
favouritescience in allour publicseminaries 
of learning. It has proved of great prac- 
tical utility in its numerous applications 
to agriculture, horticulture, medicine, do- 
mestic economy, and the arts; and itis 
justly regarded as an essential branch in 
the education of all medical men. 

‘The animal kingdom is that to.which 
man belongs, und all the beings which like 
him have motion and feeling. It compre- 
hgnds a greator number of known distinct 
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kind of beings than the other two king- 
doms of nature taken together. More 
than 150,000 of ite species are known, 
‘and all these are more nearly allied to 
man than are the beings of the other king- 
doms. They contain not only the germs, 
but the successive stages of the develop- 
ment of human organization. Their 
study, however, in this country, may be 
considered as still in its infancy. Their 
nature and structure and properties have 
been less investigated. From the utility and 
applications of their study being less 
known, it bas been hitherto only admitted 
into some of our public institutions as = 
| branch of natural history, combined with 
one or both of the other more popular 
departments, themselves already too great 
for any human mind. From the study of 
the animal kingdom being’ thus almost 
deprived of public support, it has been 
neglected by those who had most oppor- 
tunities of advancing its progress at home 
and in the colonies. 

Attempts, however, have frequently 
‘been made in this country by private i 
| dividuals, to raise the study of the aniroal 
j kingdom to an equal rank with that of 
plants and minerals, by placing it on a 
scientific foundation, and by pointing out 
its practical applications. As a branch of 
anatomy, the study of the animal struc- 
ture is intimately connected with that of 
the human body. Both Mowro primus 
and secundus, at the conclusion of their 
courses of human anatomy in the Univer. 
sity of Edinburgh, gave separate lectures 
on the anatomy of domestic animals, and 
Monro tertius, at the commencement of 
his career, followed this example of his 
illustrious ancestors. The earliest sepa- 
rate publication on comparative anatomy 
in this country, was an essay on that sub- 
ject, published from manuscript notes 
taken at the lectures of Moxno primus 
in 1744, The great work of Monro s 
cundus, on the structure of fishes, pub- 
lished in 1785, has scarcely been equalled 
by anything which yet appeared in Britain 
in this department, and it owes much of 
its value to the many accurate plates with 
which it is illustrated, executed by the 
late distinguished anatomist Mr. Frve. 
The lectures of Mr. Frrx on human ana- 
tomy, long delivered in the University of 
Edinburgh, were illustrated by numerous 
appeals to the structure of the lower ani- 
mals, which he had made a particular 
subject of study, and his valuable Manual 
of Comparative Anatomy, published in 
1813, was the first original work of the 
kind which had appeared in our language. 
A small part only of the lectures on com- 
parative anatomy, by the late Dr, Haw 
‘woon, has been published, 
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LECTURE I. 
ON THE OBJECTS OF COMPARATIVE 
ANATOMY, AND ITS APPLICATIONS TO 
OTHER BRANCHES OF KNOWLEDGE. 


Guntizuex,—Having now given you 
a general outline of the rise and progress 
of this department of knowledge, I pro- 
pose, during the present hour, to direct 
your attention to some of the more imme- 
diate objects and applications of compa- 
rative anatomy. These I shall illustrate 
by the specimens which are now before us. 

‘The object of this study is to make us 

wuainted with the internal mechanism 
of all kinds of animals. Nothing can be 
more gratifying to a curious aud inqui- 
sitive mind, than to become acquainted 
with the internal structure of those beings, 
with the forms and movements of which 
‘we are so conversant, and are forced to 
become so familiar by continual observa- 
tion. The mind, indeed, is involuntarily 
excited to this inquiry, bya natural desire 
to discover the causes of all the pheno- 
mena of nature. We do not rest satisfied 
with contemplating the movements of the 
various animals, but feel instinctively im- 
pelled to trace the connexion which may 
be discovered to exist between those move 
ments and the internal structure, 
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‘When we examine the internal mecha- 
nism of animals throughout the whole of 
the divisions of a class, we are struck 
with the similarity of the general plan 
upon which they have been constructed 
in all their apparatus for self-preservation, 
and the continuance of the race. By: 
paring the organization of one class with 
that of another belonging to the same 
great subkingdom, we perceive only slight 
modifications of the same plan; and by 
continuing the comparisons, and extend- 
ing them through all the great divisions 
of the animal kingdom, from the highest 
to the lowest, we observe the gradual dis- 
appearance of whole systems of organs, 
but in those which remain we distinctly 
perceive the rudiments of the same plan 
of formation, 

The osseous system, particularly in the 
lower forms of animals, is remarkable for 
its inconstancy and its variety. The mus 
cular and the nervous systems are nearly 
simultaneous in their origin, and in the 
march of their development in the great 
body of the animal kingdom. The vas- 
cular and the respiratory systems are gra~ 
dually simplified and lost as we descend, 
4nd the digestive organs are those which 
can be traced through all varieties fof 
animal existence. The beautiful inves! 
gations and discoveries of modern bota- 
nists have shown a like simplicity and 
unity of plan to pervade the vegetable 
kingdom, and have pointed out a striking 
similarity in the phenomena presented by. 
both kingdoms of organised bodies during 
the earlier stages of their development. 
So that we begin to discover the opera~ 
tion of the same simple and uniform laws 
throughout all organised nature, from the 
first development of the lowest vegetable 
form to the lord of the creation. i 

In studying the organs of support, or 
the skeletons of the various forms of ani: 
mals, we not only examine the composi- 
tion of the various earthy substances 
which tend to form the solid framework 
of the body, which gives support, form, 
and protection, to the general mass, and 
to all the soft ‘parts, but we examine the 
analogies which exist between the @ificrs, 
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PLEASURES OF STUDYING, 
are called into action in each motion of 
the body. 

To the natural philosopher the study of 
the complex machinery by which all ani- 
mal motions are effected, is replete with 
the most interesting problems. BoREL1t, 
Maro, and Banruez, by examining the 
forms of the articulations of animals, and 
‘the size and attachments of the muscles, 
submitted to mathematical calculation the 
various motions they perform, and the 
forces they exert in standing, walking, 
running, leaping, flying, and swimmin; 

To the physiologist who 
structure with a philosophic spirit, it is 
interesting to trace the various conditions, 
the forms, and the development of the 
muscular system in the inferior tribes of 
enimals, We observe it at first in the 
form of a homogeneous pulp before it 
assumes the form of a fibrous mass. We 
observe those fibres assuming more and 
more definite forms until we arrive at that 
series of distinct fescicull, which, from 
their constancy, regularity, and symmetry, 
fn the highest forms oF animals, have 
received distinct names. The muscular 
system is exactly proportioned in the 
various tribes of animals, in its develop- 
ment, to the living habits of those animals. 
If an animal is to fly through the air by 
the motion of its arms, we find that the 
muscles destined for the motions, parti- 
cularly of the humerus, are largely deve- 
loped. If it is destined to burrow in the 
earth, the muscles which are destined to 
move the hands are vigorous; and the 
whole of the anterior extremities, to give 
them greater vigour, are shortened. They 
are thus extended in the bats and the 
birds, but are shortened in the moles and 
other burrowing quadrupeds. 

It is interesting to trace the gradual de- 
velopment of the nervous system in the 
animal kingdom,—to watch the first for- 
mation of nervous fibres from the state of 
globules in which that system appears to 
he in its lowest condition,—to observe the 
parts which are developed in the course of 
those filaments of globules, or those ner- 
vous fibres,—to trace the connexion be- 
tween the gradual development of the 
nervous system, and the general complex- 
ness of the whole of the rest of the organi- 
zation, 

‘We shall never find the nervous system 
highly developed while the rest of the or- 

ization is in the lowest condition of| 
simplicity; but the development of this 
important system is more an index of the 
general development of animals than any 
other system of their economy. We shall 
trace the gradual development of the spi- 






























no-cerebral axis in the vertebrated classes, 
from its simple condition in the petromy- 
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zon, and others of the lowest cartilaginous 
fishes. We shall see that we gradually 
arrive even at this simple condition of the 
nervous system in fishes, by tracing it 
through the radiated animals, where it is 
disposed in the form of acircular filament, 
We shall trace it through the articulated 
class of animals, where, from the length- 
ened form of the bodies of those animal: 

it assumes the form of two lengthen 

cords connected before and behind. We 
shall trace those abdominal filaments gra- 
dually developing ganglia in their course, 
nd the concentratien df those ganglia at 








those parts of the body from which im- 
portant organs are to be developed. 
‘Thus we shall find in the highest of the 





articulated animals, that the two simple 
nervous filaments of the entozoa, have 
ganglia developed upon them, at first 
posed at regular distances along thei 
whole course, and that those ganglia gra- 
dually advance, approximate, and unite, at 
that part of the body from which the ex- 
tremities of the body are developed; that 
the ganglia placed above the cesophagus— 
the supra-csophageal ganglia, or the so- 
named brain of those animals, become 
largely developed in them, corresponding 
with the high development of the organs 
of the senses, as the compound eyes, the 
numerous antennz and palpi. We shall 
observe this concentrated forin of the great 
centres of the nervous system more mar! 
ed in the molluscous classes, where it 
concentrated generally in the form of & 
chain of ganglia around the oesophagus. 
In the vertebrated classes, the various 
stages of the development of the nervous 
system are intimately connected with the 
condition of the rest of their organization, 
and with the kind of relations which they 
require to have established with surround- 
ing nature. The great centres of the ner- 
vous system, the brain and the cerebellum 
in the class of fishes, correspond with the 
embryo condition of that system in the 
human body. The corpora quadrigemina, 
for example, in the cold-blooded verte- 
brated classes, remain as undivided lobes, 
containing cavities within them, as in the 
embryo state of our own corpora quadri- 
gemina, The hemispheres of the brai 
gradually become developed in ever} 
rection, —upwards, laterally, backws 
from the class of fishes through the am- 
phibia, the reptiles, the birds, and the 
quadrupeds, till they acquire that extraor- 
dinary development which you observe 
in man and in the animals which come 
nearest to him—a development by which 
the cranial vertebree are dilated, 80 as to 
change entirely their appearance, and to 
render it difficult at first to trace the ana- 
logy which exists between, thous expanded, 
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of their blood. We shall observe those shall seo that the various forms they pre« 
cavities gradually developed from the sent, exhibit the same phenomena of 
trachex ramified through all parts of the’ gradual development tthe fissipa- 
insect, becoming more defined in the rous generation of the simplest animals, 
arachnida,—forming a pulmonary sac'the gemmiparous generation of higher 
in many of the gasteropodes—iorming air-'forms, the oviparous goncration, 0 com- 





bags in fishes communicating with the 
alimentary canal, and at length with the 
mouth in fishes and amphibia. We shall 
observe those sacs becoming more and 
more complex by the formation of inter- 





nal septa, till we arrive at the commen 


organs we sec in the hot-blooded ver 
tebrata. shall trace the connexion 





mon in the invertebrated classes, and even, 
as high as the mammalia, and the vivi- 
parous generation so characteristic of the 

ighest class, are but different stages of 
the same great function. In watching the 
development of the embryo of the most 
{perfect animals through ail the stages of 
‘its development, we discover that the 


which exists between the development of order in which’ the various organs are 
the respiratory system and the muscular brought into being, corresponds earl 
system, the correspondence with the de-|with the order in which they are broughé 


velopment of the nervous system, the or 
gans of the senses, and all the more im. 


portant systems of the economy. 
After examining the various organs 
destined for the innumerable secretions of 





animals, the organs which are prepared 3 


for the absorption and for the removal of 
the decayed materials of the body, we 


the general development of 
systems of the economy. 


In considering the tegumentary or- 
gans which cover and protect all 
more delicate organs, we shall perceive 
fhat the forms which those systems pre- 
sent, are intimately connected with the 
living habits, and with the internal con- 
dition of the structure. The simplest 
forms of animals possess an integument, 
which consists merely of a more condensed 
portion of the general cellular tissue of 
the body. A distinct cutis is at length 
formed, with a cuticle, und with appen- 
dices developed from jts surface, in the 
form of hairs, scales, or other protecting 
organs. Those external appendices have 
a beautiful relation to the whole condition 
of the animals. Thus the birds, organised 
to pass rapidly through strata of the at- 
mosphere of various degrecs of tempera- 
ture—to plunge through those straia 
Fapidly to pounce upon their prey, or to 
pass to distant latitudes on the surface of 
the globe, and over mountain chains of 
high elevation and covered with perpetual 
smows—are protected with a dense downy 
covering, a very bad conductor of caloric, 
by which the warmth of the body beneath 
is ected from vicissitudes of tempe- 
rature in the surrounding medium. We 
shall see the various purposes to which 
those tegumentary organs are applied, 
sometimes serving as organs of defence, 
ind sometimes as organs of offence, 

, In the organa by which the races of 
animals are perpetuated on the earth, we 











into existence, in ascending from the sim- 
plest to the highest classes. That the 
| simplest animals, like the simplest plants, 
begin by a homogeneous pulp; and that 
in this are gradually formed all the various 
tems by which the nutrition of the in- 
dividual is effected, the relations with 
|surrounding nature are established, and, 
| the race is continued on the surface of the 
earth. 

The study of these various objects is 
highly illustrative of human anatomy and 
physiology. They constitute the only 
correct and philosophic foundation for 
zoological classification. The study of the 
solid parts ef animals is important to the 
geologist. The contemplation of the va- 
rious machinery by which animals are 
enabled to continue their existence for a 
limited period on this earth, is interesting 
alike to the philosopher and the naturalist. 
It opens many new paths of inquiry to* 
the student of nature. It is intimately 
connected with the duties of the legisla. 
tor in framing laws for the protection and 
extension of the animal productions of 
countries. It opens up to the contem- 
plative mind continual sources of pleasure 
and admiration, by pointing out proofs 
‘of wisdom and design in every form of 
aniinal orgenization. The profound study 
jof these various objects is calculated to 
unfold the laws of vital movements, and to 
show that the phenomena of living beings 
are regulated by laws as definite as those 
which govern the vogetable kingdom or 
inorganic nature,—that the movements of 
animals form as much a part of the great 
system of nature as the movements of the 
celestial bodies, and that the whole con- 
stitutes one grand and harmonious system 
of the material world. 

Indeed in whatever light we view this 
study, it presents subjects of inquiry 
worthy of occupying a philosophic mind. 
The multiplicity and the endless variety of 
‘the objects about which it is conversant, 
agreeably exercise, while they improve us 
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LECTURE III. 


ON THE CLASSIFICATION OF THE ANI- 
MAL KINGDOM, . 

In treating of the structure ofthe lower 
animals, and in describing the develop- 
ment of the various systems which enter 
into their organization, it is not my in- 
tention, Gentlemen, to leave out any 
particular class of animals because they 
may be low in the scale, or believed to 
contain objects very little interesting to 
‘the medical man or the philosopher. It i 
understood that you have come to this 
apartment to see the organization brought 
gradually into being, and to trace their 
parte gradually superadded until they ar- 
Tive at the objects which are conceived to 
be of the most importance, because most 
immediately connected with and most 
nearly related to the human organization. 
It behoves me, therefore, often to use 
terms which I am well aware cannot be 
familiar to you, as they do not often occur 





in the other departments of medical educa- 
No. 530. 


tion, It is necessary, however, in the 
present state of the science, to use avery 
definite language in order that the facts 
stated regarding the development may be 
more precise, more accurate, and more 
valuable. On this account I have generally 
at some part of the commencement of the 
course, introduced one or sometimes two 
lectures upon the classification and sub- 
division of the animal kingdom. As z00- 
logy forms the subject of a separate course 
of lectures, I find it inexpedient to devote 
more than’ one lecture to this the 
subdivision of the animal kingdom. We 
require this on account of the constant 
employment of subdivisions which are not 
commonly used, and in order to give 
greater definiteness and value to the de- 
scriptions hereafter to be given. 

Now the animal kingdom comprehends 
beings the most diversified as to form, struc- 
ture, and media in which they live; for 
we find some organised to fly through the 
air, others to creep on the earth or burrow 
under its surface, and others to descend 
into and inhabit the depths of the sea. 
‘The position of animals, however, with re- 
gard to the surface of this earth is uot at 
all connected with the degree of elevation 
of their organization or their complexness 
of structure. Tho structure of animals is 
the basis on which classification is founded. 
The simplest structures are expected to be - 
found in the lowest divisions, and struc- 
tures gradually become more and more 
complex as we ascend in the scale. 


‘When we place a drop of any decayed 
infusion of animal or vegetable matter 
under a powerful microsope, and throw: a 
light through that drop, and through the 
microscope to the eye, we discover in the 
drop of water various forms of living 
beings, some of a rounded, some of a 
lengthened form, and some exhibiting 
ramifications shooting in all directions, 
but all apparently of a soft, transparent, 
gelatinons, and almost homogeneous texe 
tare. ‘Those beings constitute the lowest 
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‘we find it diffused in globules throughout | 
‘the body. These globules compose the 
nervous system of all animals. In the 
lower genera, all systems of the body are 
blended down, but in the higher radiated 
animals you begin to find circular fila- 
ments developed. In the crustacea, the 
nervous system is disposed in the form of 
two abdominal chords. Now this form 
can be-traced from the crustacea down to 
the entozoa, and we shall hereafter have 
‘occasion to trace this system down to its 
simplest form in the vertebrated embryo, 
‘where it appears to be like a simple fila- 
ment,—the first streak which is seen on 
the ovum in the highest form of animals, 
and which we know to be the rudiments 
of this system. But it assumes a more 
perfect form as it ascends and develops 
the brain. Now taking this nervous sys- 
tem to give us the rudiments of all clas- 
sification, if you take the Greck term 
diplo neura, that would express the whole 
of the articulated classes. They are most 
frequently, however, denominated articu- 
lata ; therefore 1 may employ, indiscrimi- 
nately, those terms. The one to my mind 
is the term which refers to the all-ruling 
system of their economy. 


Frequently cast ashore upon the rocks,— 

driven ashore by the agitated states of| 
the sea,—we find animals possessing a 
complex internal structure, and surround- 
ed externally with a soft transparent ho- 
mogeneous tunic. Within that external 
tunic we find » heart developed of one 
éavity. We find a nervous system, a 
respiratory system in the form of branchiz 
or gills; we find a stomach, a liver, and 
other glands, and organs of generation. 
‘They possess a structure closely allied to 
the animals inhabiting bivalve shells. 
They-are denominated, from their exter- 
nal tunic, funicata, The inhabitants of 
bivalve shells form the class denominated 
conchiphera. The inhabitants of univalve 
shells have for the most part received the 
name of gasteropoda, because you will 
observe that the snails, for example, creop 
on « muscular disk, which extends over 
the lower surface of their belly. 

‘We observe floating through the sea, par- 
ticularly when ‘calm, inyriads of very ‘deli- 
cate and transparent animals belonging to 
this molluscous division of the kingdom, 
which possess a complex internal struc- 
ture. They breathe by means of gills, 
which for the most part are disposed on 
the external surface of the body. They 
swim to and fro in the sea; they do not 
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creep, but swim by extended membranes, 
such as you observe here—the clio bore- 
al 





In this animal there are two membranes 
on which the gills are disposed, and by 
the motion of which they swim to and fro 
in the sea. ‘They povsess an internal struc- 
ture, and are closely allied in many respects 
to the last class. They constitute the 
class denominated Pferopoda, from the 
wing-shaped membranes by which they 
swim. ‘The highest class of all the inver- 
tebrated division of the animal kingdom 
are the Cephalopoda. 


The next class of animals to that of the 
|fehes is denominated the Cephalopoda, a 
Tame which you observe they have te- 
ceived from the circumstance of the feet 
surrounding the head. Those extremities 
surrounding the heail are the fect on which 
the cephalopoda creep. 

‘When you come to examine into the 
nervous system of all these classes, from 
the tunicata to the cephalopods, you will 
find that that system has its centre in the 
form of ganglia around the entrance of 
the alimentary canal, and frequently form- 
ing a chain of ganglia around the a'sopha- 
gus. They might be denominated, to 
connect them together, eyclo-gangliata, 





;The study of all classes of animals is 
interesting, but, perhaps, to the medical 
student, who is at all times more inte- 
rested in this part of the course which 
treats of structure and functions than in 
that which treats of the history—the z0- 
ology—all parts arc interesting. But, pro- 
bably, these parts are the most interesting 
which come nearest to the human form; 
and he is particularly interested in the 
cephalopodes, where he is losing the in- 
vertebrate form of the lowest, and coming 
to that vertebrated form of the group to 
which man belongs. He looks with par- 
ticular interest to the internal hard parts 
of the cephalopodes. There he finds the 
vertebral column not divided transversely 
into different portions, but the vertebrae 
spread out, and not so connected as to 
form a tube around the great nervous sys- 
tem, which is a form that characterises the 





true vertebrata. 

The first then, Gentleman, of the true 
vertebrated animals, is the class of fishes, 
which by their aquatic life are like tad- 
poles, which are never metamorphosed. 
Their arms and legs are in the form of 
fins, intended for their aquatic life, Their 








MR. GUTHRIE ON THE BLADDER. 


Crero-canoztata, vel Moriusca. 
6. Cephal 


Dirto-weona, vel ARTICULATA. 
y 11. Crustacea. 

12. Arachnida. 

13. Insecta. 

14. Myriapoda. 

15, Agnelloa. 

16. Cirrhopoda, 

17. Rotifera. 

18. Entozoa. 


Crozo-weuna, vel RADIATA. 
19. Echinoderma. 
20. Acalepha. 
21. Polypiphera. 
22. Poriphera. 
23. Polygastrica. 


CLINICAL LECTURES 
on rae 


STRUCTORE AND DISEASES 
or THe 


BLADDER, PROSTATE GLAND, 
AND URETHRA; 
oN mi 
DISCOVERY OF THE MUSCULI RHOM- 
BOIDEL URETHRA; 
AND ON CATHETERISM; 


Delivered at the Westminster Hospital,* 
By Mrz. GUTHRIE. 


Genttemen,—The continual calls on, 
the bladder, from the beginning to the end 
of life, and the double function which the. 
urethra has to perform, tend constantly to 
their derangement. These morbid tend- 
encies must sooner or later develop 
themselves according to the ordinary, 
course of nature, and are often caused| 
to germinate at an early period, by vicious 
practices. 

The shape of the bladder has been dif- 
ferently described by authors. In the 
healthy state this viscus is capable of| 
great extension and corresponding con- 





Mr. Goranim has recently delivered a 
series of lectures on the anatomy and pe- 
thology of the urinary organs to the sur-| 
gical pupils of this instittition, ‘The grain 
divested of the chaff we here present to 
oar readers, . 
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traction ; it has a structure apparently 
membranous, and easily separable into 
layers. When the peritoneal covering is re- 
moved, the fibres of the external muscular 
coat are seen to run in a longitudinal di- 
rection, and admit readily of separation 
from one another, and from the muscular 
layer beneath, as the bladder is progres- 
sively dilated. The fibresoftheinner muscu- 
Jar coat run ina spiral and transverse direc- 
tion, and are particularly well seen from 
the interior of the bladder, when in a state 
of hypertrophy. When ‘the bladder is 
moderately \ded in situ, it becomes 
pyriform, the superior part is called its 
summit, the anterior and posterior surfaces 
are more or less flat, the sides are rounded, 
while the lowest part, which is deep, 
round, and capacious, is called its base 
or bas-fond. The opening of the meatus is 
the commencement of the neck of the 
bladder; it is situated almost in the middle 
of the anterior phase of the organ, and 
opens abruptly into the area. This orifice, 
when viewed from behind, looks like = 
perpendicular slit. Behind and below this 
points the frigone of the French, which is 
whiter and of a denser and more elastic 
structure than any other part. The apex 
of this triangle is formed by a sli 
jection at the meatus, called 
the base is marked by a strong whi 
band, which passes from side to side. The 
ureters open within the two extremities of 
this band, and from these, two other pro- 
minent bands incline towards each other, 
and terminate by being inserted behind 
the woula, The orifices of the ureters 
surrounded by the is em 
elastic substance which lies beneath the 
mucous lining and muscular coats of the 
bladder. This superadded tunie commences 
at the base of the trigone, converges to its 
sper, forms, in a great messure, the month 
‘the bladder, and appears to be continu- 
ous and identical with the elastic mem- 
brane of the ureter. ‘The orifice of eackt 
ureter is small, and cannot be enlarged 
without great difficulty, owing to the un- 
yielding nature of this fibrous texture. If 
the ureter itself be enlarged by long reten- 
tion of urine, the orifice remains of its 
usual size; but if a stone descend from 
the kidney, the vie a fergo of the incumbent 
urine enables it to pass through, but not 
without acute pain. Instances, however, 
are on record, where the atone has been of 
such a size as to become incarcerated in 
the orifice of the ureter, and to produce 
death by the irritation it excited. The 
ureters have no valves at their orifices to 
prevent the reflux of urine. The ureter 
opens on the peculiar dense structure f 
have described, in order that the orifice 
miay be constantly patulous; and the ole 
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LECTURE Iv. 


ON THE CLASSIFICATION OF THE 
ORGANS OF ANIMAL! 


And om the Organs of Support in Animal- 
cules and Poriferous Animale. 


Brvorz we commence with the first 
system which enters into the structure 
of the bodies of animals, I shall merely 
enumerate to you the order of succession 
in which we shall consider the whole of 
the various systems, that we may thus 
haveas exact a method as can conveniently 
be followed in the study of objects so nu- 
merous and diversified ; and possess every 
advantage which is to be derived from 
method and classification when consider- 
ing a subject of so vast extent. 

The organs of all animals, like the or- 
gans of man, have most frequently been 
divided into three great divisions; the 
one division comprehending the organs 
which tend to establish relations between 
the being itself and surrounding nature; 
the second division, embracing the means 
by which the individual is enabled to con- 
vert foreign matter into its own likeness ; 
the third division, comprising not the 
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mere relation of the animal to surround- 
ing uature, or treating of its powers of 
nutrition and maintenance, but its adap- 
tation to the continuance of its race. 

The first division comprehends several 
systems, which you will observe are taken. 
from the most perfect forms of organiza- 
tion; and it is convenient for us to follow 
as much as possible, a system which will 
embrace all the most complex as well as 
the simplest forms. We shall occasionally, 
have to pass over whole tribes of animals’ 
in our considerations of the separate sys-_ 
tems; and in treating of the whole range 
of animals, we shall have to omit various 
groups or genera when speaking of the 
different forms of organs. We shall find 
that all animals do not possess a com- 
plex machinery, but that the lowest are 
extremely simple. It would be incon- 
sistent indeed with the nature of the de- 
velopments we observe in the highest 
forms of animals, to find that the sim- 
plest possess all the same systems, in a 
similar but minuter condition. It was 
the opinion, in former times, that the mi- 
nutest forms of animals contained all the 
systems of human organization reduced’ 
to extremely minute proportions. This 
opinion was the more plausible from ita 
being observed that there were, indeed, 
animals of extreme minuteness, which re- 
quired the microscope to examine their 
parts, but which yet possessed a nervous 
and vascular system, with all the more 
important systems which we find in human 
organization. 

Now the first system which we 
consider among the organs of relation, is 
that which is destined to support and give 
form to the body, to protect the soft parts 
—the organs of support—the osseous sys- 
tom as it is termed when applied to man— 
to the mammalia, and to the vertebrated 
classes generally. But we shall find in the 
invertebrated classes, that the muscular 
system forms a connexion with parts not 
contained in the inferior of the animal, but 
most frequently existing outside the body 
—covering the exterior surface. Under 
this system, therefore, the osteovs—we 
have to consider the various forms of 
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respire through the surface of their skin. 
‘They necessarily respire, when in a state 
of torpor under water, through the skin. 
The last organs to be considered, are 
those by which the race ls continued. 
The lowest tribes of animale present no- 
thing more than the first element of the 
generative system, whether you consider 
all these tribes as females or not, the porl- 
ferous and the polypiferous animals have 
the means of continuing their species by 
the detachment of gelatinous parts of their 
Bodies. No impregnation is required, but 
portions are simply detached which after- 
wards grow. Other animals are more com- 
plex, and require a passage for this ovum. 
Sometimes @ further connexion with the 
body is formed, a sufficient process to in- 
duce the necessary development not hav- 
ing been undergone ; and organs of excite- 
ment ate necessary to enable the animals 
to complete the fimction. That addition, 
of course, exists in those instances in 
which we find the male and female sepa: 
rate. The male and the female, in all the 
higher forms of animals, are at first pre- 
cisely the same, but they assnme very 
different forms as they advance. The 
clitoris, for instance, shrinks in the one, 
and develope into a penis in the other. In 
the organs of impregnation and concep- 
tion, therefore, we find a great resem- 
blance indeed. Being at first the same, 
they continue essentially s0, with the ex- 
‘ception ofthe higher development of parts 
in the one case, and the retarded develop- 
ment of them in the other. These are 
organs for secreting, conveying, and ma- 
turing, the seminal fiuid or the ovum, com- 
prising also the organs of excitement. 
‘There is a point of consideration which 
should be mentioned at the present mo- 
ment. In treating of each of the several 
systems, I must either proceed from 
some portion of knowledgewhich you must 
be supposed already to possess, that is, 
from that structur form which is most 
nearly allied to the human frame (pre- 
suming you to have already an acquaint- 
ance with the human structure) —we must 
‘either proceed from that point as» stand- 
ard of comparison, and then go progres- 
sively downwards through the class of 
quadrupeds, birds, reptiles, and fishes, 
to the forms which are more simple, thus 
gradually diminishing the complexity of 
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the different systems; or we must take 
the opposite plan, that which nature 
adopts. Nature begins by simple forms. 
The animal kingdom itself began by 
the most simple forms, as is attest- 
ed by what is found in the earth. Gra- 
dually it became more complex. That is 
attested alike by sacred and profane e 
dence. It accords with the sacred writ- 
ings; it agrees with all the best facts 
drawn from the strata of the earth. Those 
beings which occur near the surface are 
of more complex structure, snd man, 
whose remains have yet only been found 
in the newest strata, is the most com- 
plex of all. In the animal kingdom na- 
ture begins with the simplest forms: 80 
again with plants. You find a little ve~ 
ticle to be the nucleus of what is to be 
formed; but the stem is not commenced 
in the first instance. All systems of or- 
gans begin with their most element- 
ary, their most essential parts, and we 
could arrive at the most essential” 
of a system, either by tracing it down< 
wards fa the animal Kingdom, or by tac 
ing it backwards in the march of its deves 
lopment in higher animals, as we shall 
have ample opportunity of seeing in every 
system that will come under our notice. 
Now it is more philosophical to com 
mence with the simplest conditions of the 
systems, and mount upwards to their moro 
complex forms. It is, perhaps, attended 
by some difficulties, as it leads the student 
early to consider forms of animals which 
are the least known, and to conditions of 
organization the most remote from the 
human frame, with which alone we sap- 
pose him to be acquainted. By proceed- 
ing from the most complex forms, how- 
ever, we lose the order of development of 
the various systems, and are constantly 
restrained in our account of the develop 
ment of organs; or we must continually 
suppose a previous knowledge of the sim- 
pler forms of animals, which have not 
been demonstrated. Nature in the for- 
mation of organic beings, and in the per~ 
fecting of individual organs, does not pro- 
ceed by lopping off parts, but by super- 
adding to the central element. She gradu- 
ally superadds to her elements or organs, 
more and more complex parts. Hence I 
shall adopt the ascending order in treating 
of the various systems. 

















ORGANS OF ANIMALS. 


1, Organs of Relation or of Animal Life. 


Organs of support 

Orgatis of connexion 
Organs of motion a 
Organs of sensibility and motility 
‘Organs of sensation 









Osseous system. 

Ligaments. 

‘Muscular syste. 

Nervous system. 
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of the animals gives attach- 
ment to the cilia by which they move. 
These strie form parts, therefore, which 
give support to the organs of progression, 
and may be seen here, in the frickoda, 
and some others. This structure is, how- 
ever, exceedingly small, when compared 
with what we find in the beroe. In the 
heroe, a magnified figure of which is he- 
fore you, you will find cilia disposed in 
eight regular longitudinal series; and in 
these very minuteanimals, which are about 
three quarters of an inch in length, you 
can see with the naked eye the tough 
bands on which the cilia are disposed. 
There is no skeleton com) of earthy 
inatter in the class of polygastrica, though 
their surface is frequently more dense and| 
loricated. 


‘The next class of animals (for we have 
to stop bat a short time at present upon 
the first class, as we shall have occasion 
to dwell more on the polygastric animals, 
when we come to consider their more 
complex structures, and the digestive 
organs to be found in them); the next 
class of animals, the poriferous, is one 
which presents various and remarkable 
forms in the skeleton. The poriferous is 
that class which comprehends all the’ 
spongy masses before you. In this class 
of animals the body consists of a cellular 
tissue, which is go extremely soft, and the 
globules or cells of which have so little 
connexion with each other, that when the 
living animal is torn, the fleshy substance 
runs down like oil from the lacerated 
parts. As in the common officinal sponge, 
when torn from the rocks at the bottom 
of the sea, these animals are found to have. 
the fleshy substance of the body 80 soft, 
and so completely permeating the whole 
mase, that it runs down when lacerated 
like the white of an egg, or like ofl. From 
this little connexion between the com- 
ponent parts of the fleshy substance of the 

dy, and there being no irritability, you 
‘would scarcely expect those rapid motions 
which are seen to result from certain un- 
known actions which take place in them. 
‘The organs of support are formed of fas- 
ciculi and bundles of fibres. We find that’ 
no stimulus which has been employed in 
this class of animals has ever excited in 
them the slightest sign of irritability. 
Pressing them, burning them, tearing 
them,—nothing has ever excited so far as 
is known the least indication of irritability 
in their adult state. Now in this curious 
class of animals—the poriferous animals— 
‘we find that the simple gelatinous body is 
supported by a skeleton composed of dif- 
ferent of earth. In one gr 
group the earth is silica; in another it is 
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'the carbonate of lime; in another it iss 
horny substance. 

First, then, with regard to the siliceous 
skeleton of the poriferous animals. The 
haline I now place before you belong to 
|this group ; they are poriferous animals 
with a siliceous skeleton. This siliceous 
skeleton consists of minute spicule, (A, 
Figs. 1 to 10,) minute needle-shaped crys- 
talline particles, which are transparent, 
and require the microscope in the exa- 
mination of their form. 


A 
1 2 3 
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These spicule are grouped together into 
fasciculi, and these fasciculi are disposed 
in longitudinal series, so as to serve as a 
general framework for the whole animal. 
The fasciculi are disposed, also, in such a 
manner as to surround the pores by which 
the water enters into the interior of the 
body; they surround the canals through 
which the water passes when it has en- 
tered the body; they surround the large 
orifices through which the streams rush 
when water is to pass out from the body. 
These minute siliceous bodies are common 
to these animals with many forms of the 
raphides of plants; and, indeed, we are 
speaking of a form of animals which many 
naturalists in the present day are inclined 
to regard as plants. We see them, how- 
ever, moving spontaneously in their em- 
bryo state—moving with great rapidity 
through the water, and, in their adult state, 
although we do not perceive the motion 
the rapid currents of water, 
se currents rush through their 














‘Now these minute spicule have regu- 
larly defined and even beautiful forms 
which are peculiar to each species, In 
some they present the form of short, 
straight, crystals, acuminating to a point 
at one extremity, and obtuse at the other 
sometimes they are acuminated to a point 
at both extremities, sometimes they are 
slightly curved; but each form is indi- 
cative of a particularepecies, Thewoimal 
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@ more condensed part of the general 
gelatingus substance af the body ; so that 
although the wus body itself has 

removed from the sj ret you 
ate ah ye 
tl are not detached from each other, 
A of cartilaginous substance em- 
bodies all the spiculz and gives stability 
and a certain degree of flexibility to the 
whole mass, Now there are before you 
various forms which these siliceous ske- 
etons assume. Sometimes the animals 
are branched, ramified, hanging from the 
under surface of rocks; sometimes they 
are in the form of cups, which generally 
hang from the rocks in the sea; some- 
times in the form of encrusting masses 
over rocks, shells, or other submarine sub- 
stances. You observe that these shells 
before you are covered with crusts com- 
posed of this material. From the one I 
now present to your view, the soft gela- 
tinous part has becn removed, and the 
silica, with the cartilaginous substance 
embodying it, only are left. 

Now were we to refer the consideration 
of these substances to the geologist, we 
should furnish him with a curious subject 
for reflection. No fossil is more abun- 
dant in the chalk formations of England, 
and indeed in all countries where chalk 
oceurs, than siliceous bodies of a bulbous 
irregular form, composing the chalk-flinte, 
Those siliceous bodies have belonged to 
animals of the class of which I am now 
speaking, the poriferous animals. The 
pores you have almost lost sight of in the 
fossils, but you perceive the large orifices 
from which the currents of water before 
mentionedrushed. These bodies, although 
found fossilised in the carbonate of 
lime, are fossilised with siliceous mat- 
ter, and they are converted into fi 
Silica is found in the water which per- 
meates the strata of chalk, and you know 
that every substance is soluble in water. 
Silica is soluble, though proportionally in 
small quantities. The waters containing 
the siliceous matter permeating the chalk 
strata for thousands of years, and coming 
through the strata of carbonate of lime, 
have ‘no particular inducement to part 
with the siliceous matter like that which 
they have when the siliceous matter comes 
in contact with a nucleus of silica al- 
ready existing there in the skeletons of 
poriphera. You will, perhaps, say that 
‘the echinus has no! 
are filled with silica. Substances will 
adhere to particles of their own likeness. 
‘Siliceous particles will pass the carbonate 
of lime, but will attach themselves to si 












ica. But its intestines | 
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coous particles. ‘Thus, then, we find a 
reason for the abundance of those pori~ 
ferous animals in chalk formations. It 
is owing to their siliceous nature, and that 
isthe reason of their being converted into 
ints, which you know are siliceous 
matters. 





Some of the poriferous animals have 
skeletons composed of the carbonate of 
lime, .and all the known forms of the ske- 
leton of the poriferous animals which are 
composed of the carbonate of lime, are 
composed likewise of spicule. I now 


place before you animals belonging to 
B ; 





this group having a skeleton composed of 
carbonate of lime, and yousee that in con- 
sequence they are white. This is the Jeu- 
conia nivea, 0s I have called it. This is 
the leuconia compressa (B 4), and I believe 
that term has been adopted by Blain- 
ville. These forms possess the same sim- 
‘le gelatinous condition in their fleshy 
substance—bave the same pores (B 4, aa) 
on their surface—have the same canal 
permeating them, and the same focal o1 
fices (B 4, 8) from which the currents of 
water rush which psss through them 
(B 4, d). They are permeated in all direc~ 
tions by minute spicule of the carbonate 
|of lime. ‘These spicula of the carbonate 
|of lime have different forms belonging to 
the same species. In all the known forms 
of these calcareous poriferous animals, 
a spiculum occurs, having a tri-radiate 
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LECTURE V. 


ON THE ORGANS OF SUPPORT OF 
POLYPIFEROUS ANIMALS. 


‘Tue skeleton of the next class of 
animals, Gentlemen—the class of Zoo- 
phytes, or Polypifera—presents much 
greater variety in its construction and 
form than the skeleton of the class we last 
considered. The plant-like form which 
‘we saw so marked in the skeletons of the 
soft poriferous animals, which we were 
examining yesterday, is still more marked 
in the class of zoophytes. The numerous 
examples of lithophytes and keratophytes 
that are before you, will convince you of| 
the remarkable resemblance they present, 
in their outward forms, to the forms fa- 
miliar to you in the vegetable kingdom. 
Indeed, the first announcement that those 
gorgonie and sertularie I hold’ in my) 
hand are carnivorous animals, and that; 
they feed upon living prey, would be, and; 
was, calculated to excite some astonish- 
ment before they were thoroughly investi- 
gated—hefore their digestive organs, the 
‘organs by which they seize their prey, | 
and the means of conveying it to their di- 
gestive organs, were minutely examined, 
and they were formerly described as 

its; but now the circumstance is 
yond doubt that they, like the pre- 
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ceding clase, belong to the animal king 
lom. 

‘We have not yet arrived at that stage 
of the animal kingdom when the skeleton 
itself becomes an organised substance 
which can grow and be renewed, which 
can be permeated by absorbents, and 
where fresh matter can be deposited in the 
place of the materials removed by lym- 
phatic vessels; we have long yet to wait 
till we come to beings of that elevated 
character. We meet with them first in 
the lowest fishes, or among the cepha- 
lopods. We are now ing of ex- 
travascular skeletons, consisting of un- 
organised materials generally of an earthy 
matter, most frequently of the carbonate 
of lime, although the phosphate is also 
found in them. These materials are 
exuded from the surface of the body, or 
into the cellulac texture of the interi 
and these, whether on the surface or 
the interior, form, as in the highest ani- 
mals, the solid framework of the whole 
body. 

In the class of zoophytes, then, you are 
not to look for that fibrous arrangement 
of the earthy matter which you know to 
exist in the skeletons of man, and of all 
vertebrated animals where there are capil- 
laries of bloodvessels, where there are 
absorbents and nervous filaments pene- 
trating through all parts of the fibrous 
texture—that is an organised texture. 
The fibrous texture of the shells of the 
radiated and molluscous classes is crystal- 
line and extravascular. The subjects we 










| are now treating of, and which we shall 


continue to be engaged with till we rise 
to near the vertebrated classes, are of a 
more homogeneous and compact nature ; 
an« when once these component particles 
are exuded, they are seldom removed or 
abraded, They generally remain perma- 
nent, on the points of the skeleton where 
they’ were originally deposited, though 
sometimes they are again diminished by 
the contact of the living parts, where there 
is much friction. 

Now as we examine these skeletons of 
the polypiferoue animals—those which 
have polypi,—our curiosity will naturally 
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entirely, s0 that we never see a crust of 
it in the dried specimens of antipathes | 
brought to Europe. In these specimens 
all has run off, and the axis, thus cleaned, 
presents s smooth and glistening surface; 
but when we examine that axis chemically 
or otherwise, we find it the same as in 
the gorgonia. Zoologists, however, attend 
to the circumstance that the gorgonia has 
on its surface a longitudinally striated ap- 
pearance, while antipathes is smooth ; but 
these are differences that we cannot enter 
much into at present, as they belong more 
to another part of the course, which treats 
of the history of species. This, however, 
will give you some general idea of the 
internal structure and nature of the horny, 
unorganised, internal axis, which is found 
in many of the largest forms of the horny 
zoophytes, or keratophytes. 

‘Now with regard to the calcareous ske- 
letons of zoophytes, we find these present- 
ing @ greater variety of forms than either 
the external or the internal horny species. 
In some the calcareous skeleton is placed 
completely in the interior of the fleshy! 
substance, as in the peunatula; most fre-) 
quently, however, it is found exposed on 
some part of the surface, exuded from 
below from the side, or in various di- 
rections. In the animals denominated 
pennatula and virgularia which are now 
before you, you have examples of calca- 
reous substances placed completely within 
the fleshy substance of the body. The 
pennatula is an animal formed somewhat 
like @ pen, with its quill and its barbs, 
and which bas the fleshy substance cover- 
ing the whole exterior of the body. Along 
the central part there is a thin calcareous 
solid cylindrical body, tapering at each 
extremity, where it is soft and flexible, 
but dense and thicker in the middle. This 
calcareous axis requires to be soft and 
flexible at the two extremities, because of| 
the contractile power of the whole animal. 
If it were not formed in this way, it would 
force the ends of its axis through the 
hody. It is curious, that in the virgularia 
the solid cylindrical axis does extend be- 
yond the extremity, at the lower part of 
the body. You may lay it down as a 
general principle applicable to all forms of 
skeletons of the zoophytes and poriferous 
animals, that whether they be mede of 
silies or carbonate of lime, or carbonate 
and phosphate of lime, for there is a little 
of the phosphate according to the re- 
searches of Harcusrt in all these calca~ 
reous corals before yon, or whether they 
be formed of horny substance, their ma- 
terials were formed solely by the fleshy 
substance, and these exude from or into 
body, in the unorganised condition of| 
all iavertebrated skeletons. If you were! 
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not aware of this being the general law, 
you might be perplexed to account for the 
growth of this axis of the virgularis, which 
was originally formed entirely within the 
fleshy covering, and is now seen extend- 
ing much beyond the extremity of the 
fleshy substance. In fact, the animal, 
from all we know of its living habits, 
stands upright, with this exposed project- 
ing part stuck into the mud at the bottom 
of the sea. That is the position in which 
mariners generally collect them near Inch 
Keith in the Firth of Forth, and this is 
farther shown to be its natural position, 
from the growth of foreign bodies on the 
exposed and fixed part of the stem. 

‘On the lower surface of the pennatula 
we find numerous calcareous spicule di- 
rected from the stem, which serve the 
animal, in its progressive motion, to creep 
slowly over the bottom of the sea. The 
central axis of which I was speaking, both 
in the pennatula and virgularia, is a solid - 
calcareous mass, cylindrical, containing a 
large quantity of animal matter, particu- 
larly at the extremities, where, in the 
former genus, it is exceedingly flexible 
and slender, and it is composed of con~ 
centric layers. The same structure is 
found also in the umbellularia. By far 
the greater number, however, of the cal- 
careous skeletons of zoophytes arq ex- 
uded from the outer surface of the body, 
80 as to be more prominent than the live 
ing flesh. Generally, the fleshy part of the 
animal. as in this fungia agariciformis, in 
upon the upper part; sometimes it em- 
braces the whole, when it is branched, as 
in this large madrepore. You will ob- 
serve, however, that if there be # point of 
the skeleton which is not surrounded By 
the living flesh, that point, which is the 
base of attachment, may be almost united 
to the rock upon which it rests, and iden- 
tified with it, if it rests upon any solid 
a8 on carbonate of lime. The tran- 
sition may be almost imperceptible from 
the skeleton of the living being to the rook 
on which it rests, for both are equally un- 
organised bodies. Now, then, I can fancy 
a transition from the internal to the ex- 
ternal skeletons, by supposing that a vir 
gularia were cut open, and allowed, thus 
opened and spread out, to go on. In place 
of its skeleton being in the centre, it will 
exude below its fleshy substance a calca- 
reous spreading mass, like a funyia lima- 
cin. Well, then, the fleshy substance is 
the animal, in the zoophyte; and this large 
mass of meandrina, upon which my hand 
rests, forms thus, from an early period of 
the development of its gemmule; it is 
called the meandrina cerebriformis, and is 
somewhat like the convolutions of the 
human brain up ite surface, 
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LECTURE X. 


ON THE ORGANS OF SUPPORT OF THE 
GASTEROPODOUS AND PTEROPODOUS 
MOLLUSCA. 

‘Tue skeleton of the gasteropods is com- 

posed of the same materials, and is formed 

in the same manner, as the shells of the 
conchifera we were examining yester- 
day. They are generally in the form of 
univalve and unilocular, calcareous, and 
hollow cones, connected with the mus- 
cular system, and covering the surface 
of the body. ‘They are composed of 
the carbonate of lime, mixed with con- 
densed animal matter, which often forms 
a distinct epidermic layer on their outer 
surface, as we saw in the bivalves. These, 
exuded from the surface of the mantle, 
form a mass of considerable toughness 
and density, inwhich we can generally per- 
ceive a fibrous or crystalliné arrangement 
of the particles, and a laminated texture, 
‘We can generally see that they ‘are com- 
posed of a succession of layers, and that 
those layers are placed the one within the 
other, the new layers extending beyond 
the olil. Examining the texture with care, 
even with the microscope, we can sce dis- 
tinctly that the substance of these shells is 
not permeated by vessels of any kind, 
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either by absorbents, arteries, or veins, but 
that, like the shelly substances we were 
considering yesterday, they are of a homo- 
geneous and quite extravascular nature. 
‘They have generally the form of a cone, 
shut at the apex and open at the lower 
extremity—the base. That cone we ob- 
serve during the life of the animal to in- 
crease in magnitude ; therefore, here, as in 
the former case, it is interesting to in- 
quire by what means it continues still to 
retain its muscular connexion with, and to 
envelop all the soft parts of, the animal 
during its increase, and the gradual de- 
velopment of all its parts. 

‘Experiments were early made by Reav- 
un to determine the true nature of th 
calcareous shells thrown over the bodies 
of the gasteropodes. Apertures were made 
in the shell, and they were carcfully 
watched to observe whether fresh car- 
bonate of lime would be exuded from the 
margin of the apertures which were made 
in the shell. It was soon found that the 
orifices which had been made were closed 
up, and that the animal's mantle, spread 
over the surface of the body, had deposited 
acalcareous covering wherever apertures 
had been made in the shell. Upon put- 
ting a piece of adhesive substance over the 
openings on the inside, and watching 
what would be the result, it was seen 
that no new calcareous matter was exuded 
from the broken edges of the shell, but 
new layers were added, by the secreting 
surface of the mantle, to the inside of the 
adhering membrane. ‘These experiments, 
repeated in various ways, and the ohser- 
vation of all the forms of these shells, show 
that they are secreted in successive de- 
posits from the exterior surface of the 

eshy mantle, and that they consequently 
correspond in their general form, and in 
the changes they undergo, with those of 
the mantle on which they are moulded. 
Lhey possess no internal organization ta 
enable thei to grow like bones, or to re 
pair the injuries or losses they may sustain, 
‘The texture of these shells is generally 
very hard and compact where they ara 
thin, and more soft, porous, and laininateL 
in their structure where they have thicker 
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LECTURE XIII. 
ON THE OSTEOLOGY OF FISHES. 


I wave now spoken generally of the 
development of the vertebral column in 
fishes, and of the parts which are imme- 
diately developed from it. 

‘We observe, in the great development 
of this central pillar and first rudiment of | 
the skeleton, and in the small develop- 
ments of the other parts of fishes, an illus- 
tration of a law which has been much in- 
sisted upon by the French anatomists, and 
which they have called the dalancing of) 
organs; by which, when one part of the 
skeleton, or other systems of the body, is 
much enlarged, the parts that are most 
immediately connected with that have a 
small or retarded development. Thus the 
great developmentof one part is said to be 
balanced by the imperfect development of 
others. 

You will observe that from the great 
development of the vertebral column in 
fishes, and those primory elements which 
are immediately developed from that as a 
centre, that the anterior and posterior 
extremities are but small in this class of 
animals. 

‘This law does not enable ns to explain 
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much, although we find many strac- 
tures here, and also in higher classes, 
which correspond with that general an- 
nouncement. We see, for instance, that 
in serpents the vertebral column forms 
almost the whole of their skeleton; that 
that vertebral column is extraordinary for 
its length, for the number of its pieces, for 
its density; and this is considered as a 
development of the vertebral column, in- 
creased at the expense of all the other 
parts of the skeleton, for they have neither 
legs nor arms, 

But it does not appear to hold univer- 
sally. You will observe, in the mammi 
ferous animals, that the bat bas its anterior 
extremities enormously developed for the 
purpose of motion through the air, but its 
head and thorax, and the anterior part 
of the vertebral ‘column, euffer nothing 
from this. ‘The kangaroo has the posterior 
part of its vertebral column—its tail— 
very largely developed, yet its posterior 
extremities suffer nothing from that ; they 
are enormously developed compared with 
the anterior, 

Tn speaking of the anterior part of the 
vertebral column, we have shown an 
analogy between the condition of the 
osseous part of the head in the cartila- 
ginous ‘fishes, and the embryo condition, 
or the cartilaginous condition, of that part 
of the human body; that in both cases it 
is not subdivided into pieces—that sub- 
division is the result of ossification. 

In the osscons fishes, then, the centres 
of ossification have commenced ; they re- 
main permanently detached, and thus 
we have a key to their whole osteo- 
logy. The osseous part of the head is en- 
larged, chiefly to give extensive attach- 
ment to muscles, and to give place to 
large organs of the senses, which are here 
of great size on account of the smallness of 
the brain. ‘Those parts continue to grow 
through life. You will observe that the 
bones of the head of fishes do not unite by 
serrated sutures; that would tend to check 
their continuedenlargement, to arrest their 
development, particularly from the cryse 
talline mode of ossification we observe in 














‘the bones of this class—the spicular are 
we 
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like stones—the glosso-petre of the older 
geologists, 

‘The spinous processes and their ele- 
ments in fishes frequently acquire a great 
development, as we have seen both in the 
region of the cranium, as you see in this 
remarkable head of the ephippiue gigan- 
tiva, and in the posterior part of the co- 
lumn, as we see in the large curved and 
serrated dorsal rays of the balistes that 
constitute the anterior dorsal fin. The 
anterior doreal ray is here of enormous 
magnitude. Remains are found, with 
other parts of fishes, in tho oldest fossili- 
ferous limestone, which most closely re- 
semble in form this ray of the dalistes, 
though far exceeding in magnitude any: 
thing of this kind now known in cx- 
existence. These parts of fishes are, as 
we might expect, the oldest remnants of 
any vertebrated animals found in the 
strata of the earth. 

‘Thus then we see that the whole of this 
subdivided, clastic, internal, organised 
skeleton of fishes is beautifully adapted to 
the dense and liquid element in which 
those animals reside, and through which 
they are organised to move chiefly hy the 
lateral motions of their vertebral column, 
Tike the tadpoles of amphibia and the 
aquatic eauria. The osteology of their 


head, and trunk, and extremities, is in the! 


highest degree interesting, from the nu- 
merous analogies it presents with the 
earliest embryo condition of the human 
skeleton. It is interesting from its afford- 
ing us a key to all the higher forms of 
the skeleton we have yet to come to in 
the amphibious animals, in the reptiles, 
and even in the hot-blooded classes of ver- 
tebrata. The elements of the skull of 
osseous fishes are the most numerous of 
all the red-blooded classes, and they areall 
Kept permanently detached, ¢0 that you 
may here see these constituent primary 
elements on a magnified scale. They ap- 
pear to present the most complex forms of 
the skeleton, because in all the higher 
animals that we have hereafter to examine, 
those elements we shall find more or less 
united and anchylosed ; and the difficulty 
becomes greater and greater as we ascend 
to man to comprehend the real nature of 
those complex aggregates of numerous an- 
chylosed bones. You must go to the earliest 
embryo condition of his skull and skeleton, 
and watch the first deposition of the first 
particles of earthy matter, in order to dis- 
cover these osseous elements, or you must 
go to osscons fishes which permanently 
retain that embryo condition, and there 
you will find reiained through the whole 
of life, and presented to your view upon 
a magnified scale, all that interesting pri- 
itive condition of human osteology. 
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OF THE SANGUINEOUS SYSTEM. 
ABSTRACTION OF BLOOD. 
(Continved from Lecture, page 426-2.) 
Indications for employing General Blood- 
letting.—Of the Pulse;—An incompres- 
sible Pulse; — Other Changes in the 
Pulse ;—Natural Varieties of the Pulse. 
—Changes in the Heart's Action;—The 
Local Pain.— Importance of the first 
Bleediny ;—Eztent to which it should be 
carried.— Effects of Syncope — Quantity 
o Blood to be abstracted, 


Indications for the Employment of Generat 
Blood-letting. 


Havin endeavoured to point out the 
different modes by which blood may be 
abstracted locally, and having illustrate? 
‘the salutary effects of local depletion by 
‘references to the phenomena of sponta- 
‘neous hemorrhages, and various local in- 
flammatory affections, as well as conges- 
‘tions of blood, which are not accompanied 
|by any constitutional disturbance, I now 
|come to consider the subject of general 
blood-letting, the indications which point 
yout the propriety of employing it, and 
{the quantity of blood which should be 
lremoved in the treatment ‘of various 
| diseases, 
| Te was remarked in the laet discourse, 
| that whenever any local discase or injury 
\has excited a febrile disturbance through- 
‘out the system, general bleeding or vene- 
section ought then to be decidedly pre- 
ferred to local bleeding, and the indica- 
tions to which your attention ought more 
especially to be directed in deciding on 
the propricty of general blood-letting, are, 
the state of the heart and arteries, and 
the character of the local pain. 

The leading symptom by which the con- 
stitutional disturbance demanding vene- 
section is indicated, will he found in the 
quality of the pulse ; and in deciding on 
the propricty of hlood-letting, it is not al- 
ways necessary that you should find the 
pulse frequent, or tense, or full, or hard, 
but you ought on all occasions to be satis- 
fied of the propriety of abstracting blood 
from a veiu, whenever, in any complaint 
of an inflammatory type, or under cir 
cumstances such as those which often 
arise after operations, or from accidents, 
there is the lenst deviation in We Whe 
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LECTURE XIV. 
ON THE OSTROLOGY OF AMPHIBIOUS 
ANIMALS OR BATRACHIA, 

Tur amphibious animals to which we 
now come, commence their career as 
fishes; they have one auricle and one 
ventricle; they breathe at first by means 
of gills, and solely by means of gills; 
every globule, then, of their blood is sent 
through the gills. What other character- 
istics have you of fishes? Is it their organs 
of progressive motion? The tadpole has 
them as well as the fishes. ‘The ,perpen- 
dicular tail, and the fin-like expansion 
above and below, you have in the tadpole 
as well asin the fishes. In every respect, 
from their nervous system, through all 
their less important systems, amphibia pro- 
sent the condition of fishes on beginning 
their career, and as all metamorphoses in 
organic forms are from simple to com- 
pound, they approach to the condition of 
reptiles in their more advanced condition 
of development. Indeed we observe all 
animals, as well as amphibia, beginning 
their career with the form of an inferior 
grade of development. The animalcales 
themselves are ascertained to pass through 
various forms, increasing in complexness, 











which used to be regarded as distinct 
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genera, and the limits of their singular 
changes are not yet known. The po- 
rifera and zoophyies begin their career 
as free moving animalcules, insects pasg 
from the simple condition of worms .to 
become winged inhabitants of the air, and 
gasteropods are at first, on escaping from 
the ovum, ciliated rotiferous animalcules, 
From the striking changes of theve.am- 
phibia' or batrachian animals during their 
metamorphoses, SWAMMERDAM Was ins 
duced to classify them beside insects. 
But the extent of internal metamorphosis 
corresponds with the degree of elevation 
of an animal in the scale, and man, at the 
head of all, exhibits the greatest. meta~ 
morphosis, in ascending from the condition, 
of the monad to surpass all other organig 
forms. 

From this semi-aquatic life of the am~ 
phibia, which caused them to receive this 
name, we find their skeleton to, partake 
of many of the characters most peculiar 
to the class of fishes. In tracing animal 
forme upwards to more complex condi- 
tions, we often pass, as in the present class, 
from the inhabitants of the water to those 
of the dry land, and the lowest forms of a 
class are generally aquatic species. ‘The 
batrachia or amphibia, which reside con> 
stantly in the water, retain more come 
pletely their primitive fish-like form than 
those which leave that element in their 
adult state. The difference of the medium 
in which they live, affects chiefly the forms 
of their respiratory organs, and those of 
progressive motion. ‘The skeletons of am- 
phibia come nearest to those of fishes in 
the thin, diaphonous, elastic character of 
their bones. Preparing to support the 
trunk in a more attenuated medium, we 
find here the arms and legs, the analogues 
of the pectoral and ventral fins, assuming 
a more complex and perfect development. 
‘They form the connecting link between 
fishes and reptiles, and thus lead us to 
osscous structures, 80 remote from their 
primitive forms, that without these inter 
mediate links, we should have much diffi 
culty in tracing them to their origin in 
the vertebral column. - 

As we ascend from fishes through ths 
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COLUMN OF SERPENTS. @1 


preted, of a, steel spring et muddenly of the cranium in fishes, to enlarge the 
e, it would instantaneously bound by , exterior surface for muscular attachments. 
its elasticity from the solid surface upon'The cavity of the cranium, however, 
which you pressed it. Such does the ser-. which we are coming to now, is applied 
pent’s leap appear, for, with an instanta- to a more important purpose than to cover 
neous effort of all the muscles connected | a large accumulation of a fluid matter, or 
with the vertebral column, it rises in a to expand the exterior surface for the in- 
moment to assume the straight line; but! sertion of myscles. That was the case 
in doing that, it presses forcibly and suc- both with the cranium and with the ver- 
cessively upon the ground with all the: tebral column of the fishes. In them the 
posterior parts of its body touching the cellular arachnoid coat is developed, and 
ground, to get the last remnant of the that liquid or semi-fluid cellular substance 
impulse with the last part of the coccy-! fills alike the greater part of the cranium 
geal vertebre; hy all this effort of the!and of the vertebral canal; but in ser~ 
anuscles of the trank, and with that im-! pents, the cavity of the skull i occupied 
pulse from the ground, it is carried with | by the brain alone, and so is the vertebral 
rapidity forward by successive leaps to column by the spinal marrow;. therefore 





considerable distances. We have thus the 
most perfect and beautiful example to be 
met with, in the class of reptiles, of a cha- 
racter we shall find to pervade all the 
orders,—to pervade not only the order of 
ophidian reptiles, which we are now speak- 
ing of, but also the saurian and the che- 
lonian reptiles—the ball and socket joints 
of the vertebral column (Z* a, b). 

The spinous processes of the vertebra. 
of serpents are small; they extend back- 
wards and forwards to a considerable ex- 
tent, and they have thus a pretty consi- 
derable surface for the attachment of 
muscles, but they are very limited in their 
development upwards, where 'they termi- 
nate-abruptly in an even truncated mar- 
gin. That smallness of the vertebral fora- 
men which you observe between the very 
thick and strong laminw, is common to 
serpents with all the other forms of rep- 
tiles. The foramen or medullary canal of| 
each vertebra is here, you perceive, in 
these large vertebra of the boa constrictor 
(2), distinctly expanded at its anterior 
and” posterior ends, to prevent the very 
free lateral motions of these vertebra on 
each other from compressing or affecting 
the contained spinal chord, or the nerves 
which enter to that chord through the 
intervertebral foramina. This is a cha- 
racter which we find repeated in all the 
extensively moveable vertebre: of animals, 
where the vertebral canal is applied to 
the surface, or corresponds to the form 
and magnitude of the contained spinal 
chord, as we see in the most moveable por 
tions of the vertebral column of higher 
reptiles and of birds and mammalia. 

‘The comparative smallness and narrow- 
ness of the vertebral canal, is an interest» 
ing character in the osteology of reptiles 
It corresponds with the small development 
of the spino-cerebral axis, You may, per- 
haps, say, that in fishes, where the spino- 
cerebral xis is smallest, we have large 
foramina in the vertebre; so we have 


already seen, that there is @ large cavity 








je are coming now to animals where we 
can obtain from the dimensions of the 
joranium and of the vertebral canal, a 
measurement of the development and 
magnitudeof the brain and spinal marrow. 
‘This is an interesting fact even to the 
geologist, for nothing is more common 
than to find in the older secondary rocks, 
vertebre of great size belonging to extinct 
reptiles; and these sometimes are con- 
founded (by those who are not acquaint- 
ed with the typical characters of the ver« 
tebre in each class of animals) with the 
vertebraz of the highest warm-blooded ani- 
mals,—the mammalia; but in these fossil 
vertebrae of reptiles we still observe that 
most obvious character of the smallness of 
the foramen for the transmission of the 
spinal marrow, serving—that little cha~ 
racter of itself serving—to separate these 
vertebra altogether from those of the 
mammiferous animals. 





Passing forwards from the vertebral co= 
lumn, we come to the continuation of 
that column through the head; and here 
we observe, as in fishes and ‘amphibia, 
that the whole of the cranial vertebre are 
still in @ line with those of the rest of the 
column. We have not yet arrived at those 
animals which begin to manifest a sudden 
change in the direction of the nervous ca- 
nal from the commencement of those cra~ 
nial vertebre. That change of direction 
is produced partly by the various positions 
of the body and of the food of animals, 
but chiefly from the enormous develop— 
ment of that part of the nervous systom 
which in higher animals is contaimed 
within these first cranial vertebra,—m de- 
velopment of this part of the nervous ays- 
tem, which swells out the superior lamine 
of the cranial vertebre to an enormous 
extent, and reriders a change in the direc~ 
tion of the bodies of those vertebre neces- 
sary. Here, however, in the serpents, we 
have not yet come to those forms where 
‘the superior lamine of the yertebre, or 
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LECTURE XVI. 


ON THE OSTEOLOGY OF SAURIAN 
REPTILES, 

Tux. saurian reptiles havea more highly 
developed and more complete skeleton 
than the serpents, as, in addition to the 
parts of the simple skeleton of the ophidia, 
we have here a complex sternum and 
scapular apparatus, a pelvic arch, toge- 
ther with atlantal and sacral extremities 
to raise the serpent’s trunk above the 
ground. This is the group of reptiles 
‘which comprehends all the crocodile and 
the lizard tribes, which have distinct or- 
gans for progressive motion, and moveable 
ribs. In the imperfect development of the ; 
extremities, and in the moveable condition | 
of the bones of the head in many of the! 
lizards, we perceive a gradual transition 
from the worm-like form of serpents to| 
the massive forins of the loricated or cro- | 
codilian reptiles. By the increased de- | 
velopment of all the processes of the ver- | 
tebral column, we perceive the prepara- 
tions for more solidity in the articulations 
and more limited inotions in that portion 
of the frame-work. The swimming mo- 
tions of aquatic animals, performed by 
their vertebral column, and the creeping 
motions of serpents, ‘performed by the 
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ribs, are now to be changed for motions 
of walking, running, climbing, flying, per- 
formed by members at a greater distance 
from the centre or axis of the skeleton. 
The inferior grade of development is still 
indicated by the coarse fibrous texture 
of the bones in all the larger species of 
sauria, recent and fossil; and the same 
inferiority is seen in the large bones 
of the cetaceous mammalia—trom the 
great proportion of animal matter com- 
pared with the carthy materials of the 
bones. And in most of the long bones of 
the extremities of reptiles, the canccllated 
structure occupies the whole extent, leav- 
ing no continuous cavity in the middle, as 
we find in mammalia and birds. In this 





, [they present an analogy with the embryo 


cartilaginous condition of those bones in 
man, when there are no internal canals 
even in the long bones. 

In the vertebral column of the moni- 
tors and other lizards, we observe that the 
ball-and-socket joint continues, as in the 
serpents, as in ‘the crocodiles, as in the 
chelonians. A deep concave cup is seen 
on the body of the vertebra at its anterior 
part; the posterior part presents a trans- 
versely elongated ball. ‘This mode of ar- 
ticulation passes down through the sacral 
and through the coccygeal vertebra. In 
serpents we have scen that there can be 
no sacrum, for the same reasons that there 
can be no sacrum in fishes or in cetaceous 





! animals, but it is otherwise in the animals 


we are now come to. This fixed condition, 
given by the attachinent of posterior ex- 
treiities, through the medium of a pelvic 
arch, produces a sacrum, but there are no 
legs ‘to fix by their attachment any part 
of the vertebral colunmn of serpents. Why, 
therefore, should any two of their verte- 
bree he more limited in their motion, and 
thus from a sacrum, than any others? 
{All the vertebra: from infancy admit of 
‘the freest motion, and there is no reason 
why any two shonld anchylese or exhibit 
a more fixed.condition than others, there- 
fore there can be no sacrum in the ser- 
pents; but in the saurian reptiles there 
are legs, whether cmployed to swim 


through the water, or to support thy 
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OF THE SAURIAN REPTILES. 


vical vertebra: is about’ the same as in the 
neck of mammalia. There are false ribs 
anterior to those which reach the sternum, 
as well as behind them, as we sce also in 
birds and some mammalia. 

Although we observe remarkable dif- 
ferences in the skeletons of this very ex- 
tensive order of reptiles, we can for the 
most 
gradations of the same general plan of for- 
mation. From the lowest tribes upwards 
there is a gradual consolidation and union, 
not merely of the elements of the several 
bones with each other, but the aggregate 
bones formed by these united elements 
become more and more firmly articulated 
with each other, so as to lend us insensibly 
to the more solid skeletons of mammalia 
and birds. 

This is nowhere more obvious and re- 
markable than in the bones of the head. 
In this skull of the lizard of the Nile (fa- 
certa Nilotiea, Cuv.) (CC) you at once 








perceive the detached and moveable and 
serpent-like condition of all the bones of 
the face, and nearly of the whole head. 
‘The occipital bone has its transversely 
clongated condyle composed chiefly of the 
basilar portion, which is sometimes in 
these inferior sauria anchylosed to the two 
condyloid pieces (CC, y, g). The squa- 
mous and the mastoid elements (CO, /, m) 
_ ofthe temporal bones are here remarkably 
Jong, slender, and curved, extending back- 
wards and downwards to thestrong, short, 
tympanic element (CC, ») to whieh 
the lower jaw is attached on cach side. 
‘The two parietal bones (CC, n) are here, 
ag in serpents, anchylosed into a single 
piece, and are remarkably expanded at 
their anterior margin to give a broad sur- 
face for the articulation of the two clon- 
gated middle frontal bones (CC, ec). The 
posterior frontals (CC, ) are very small, 
and form the posterior and upper bound- 
ary of the large bird-like orbits. ‘The 
‘quamous portion (CC, ») of the temporal 
boneis here the largest and strongest cle- 
ment of that bone, extending forwards to 
the sphenoid (C'C,s), and backwards to the 
slender squamous (CC, 1) and mastoid 
CC, m) portions. The lachrymal bones 
CC, f) extend lexs over the face 
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!than_ in these serpents, and the two 
idivisions of the upper jaw (CC, d) are 
‘larger and more fixed than in serpents. 
The anterior frontals (CC, ¢, ¢) have a 
more lengthened form, and extend more 
‘downwards over the face, than in the 
iformer order. The two narrow length- 
ened nasal bone: (CG, 4) are anchylosed 
into a single piece, and the sume is the 
yease with the two intermaxillary hones 
(C6, a}, which expand laterally, and form 
the whole anterior boundary of the muz« 
zie, containing numerous small teeth. 
The inferior turhinated bones, here widely 
‘exposed between the upper jaw-bones, in 
consequence of the small size of the nasal 
bones, presenta great surface for the first 
pair, or olfactory nerves. The palatine 
bones are less moveable than in serpents, 
and destitute of tecth, so that the dis 
bution of the teeth is becoming more li- 
mited as we ascend to higher forms of 
vertebrata. The pterygoid bones (C,C' r) 
are more strong, and extend backwards, as 
in serpents, to the articulation of the tyme 
panic bone with the lower jaw. The 
lower jaw is divided at the symphysis, and 
consists on each side of six pieces, of which 
the anterior or dental portion is the larg- 
est, and the tecth are as loosely attached 
by’ their expanded base to the alveolar 
flat surface of the jaw as in serpents. 

The general physical characters of tho 
teeth are interesting, particularly in many 
of the saurian animaly I am now consi- 
dering. Their osseous substance and their 
enamel are softer than those of mamma- 
lia. ‘The enamelled tecth of carnivorous 
quadrupeds have the greatest density, both 
Hin their thick enamelled surface, ‘and in 
j the osseous substance of their interior, so 
that if you take the sharpest stecl instru~ 
| ment, and draw it over the surface of the 
osscous part of the teeth beneath the gum, 
you will make a very slight groove, like a 
mere scratch, upon the osscous substance 5 
but when you come to the enamel, you 
mightas well press the instrament on ad 
mond; it slides over the surface, leaving a 
dark metallic mark of the hard steel upon. 
the enamel, but makes no impression or 
jgroove. When you try this upon some 

teeth that to the naked eye appear us if 
they were all surrounded with enamel, as 
‘the canine teeth of the hippopotamus, you 
will find the knife scratch the tecth on the 
concave inner side, where there is no 
enamel, but that when you come to the 
outer convex part, where the enamel is 
placed, the instrument slides over and 
Heaves no mark. The importance of this 
to geologists iy well understood by those 
jwho have directed their attention to 
jit; but what interests us now is, that 
[both the cnamel and the osscous wtbe 


SAD 


























OF THE SAURIAN REPTILES, 


length and breadth. But large as these 
vertebre are, you observe how sinall the 
foramen is for the passage of the spinal 
marrow. In this skeleton of an Indian 
gavial, more than fiftcen fect in length, 
the spinal canal will not admit my little 
finger to pass through the foramen of a 
dorsal vertebra. 

‘Notwithstanding the solidity in all parts 
of the head of the crocodiles, upon looking 
attentively at the surface of this skull 
of the crocodile ,of the Nile (DD), we 








sce distinctly that the elements of the 
different bones have still remained de- 
tached, that they have met in the pro- 
gress of their ossification, and that they 
have united only by sutures; so that we 
have, around the occipital foramen, the 
basilar bone, with its round prominent 
condyle detached from the two condy- 
Joid bones, and the two lateral cxtended 
condyloid bones detached from the supe- 
rior very small median portion of the oc- 
cipital bone,—the four elements cxisting 
in the human occipital bone. The parie- 
tal bones (DD, m), here remarkably small, 
have anchylosed above, as we see in most 
other reptiles. We saw thatin serpents and 
in lizards. They form, therefore, a solid 
arch over the part of the nervous system 
enclosed within this remarkably small 
cranium. The temporal bone has its nu- 
merous parts permanently detached, and 
fixed together by sutures. One of those 
parts is interesting; it is the tympanic 
element or bone,—that bone which we saw 
already forming the os quadratum, nove- 
able in fishes, moveable in the amphibia 
in serpents and ini lizards ; but here it is 
fixed, it is immoveably fixed, to the squa- 
mous portion and to the other bones of 
the head. It shoots down to a consider- 
able extent, and terminates in a convex 

minence or articular condyle, which 

received into a corresponding articular 
groove in the lower jaw, as we see also in 
the chelonia, We observe that the malar 
bones are of great size and extent, forming 
the whole inferior and outer margin of the 
orbit. Passing inwards from the anterior 
termination of the malar bones, we come 
to two bones that are perforated within 
the orbit by the canal for the lachrymal 
duct; consequently we perceive these 
‘ust be the lachrymal bones extending 
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‘along the face; but within those two law 
chrymal bones towards the median plain, 
we come to two others, one on each side, 
that are also detached by sutures ; these are 
the two anterior frontal bones; and, be= 
jtween those and behind them, the large 
|middle frontal bones, anchylosed, and 
forming a large undivided median bone. 
|The broad anterior and lateral part of thé 
muzzle is composed in the crocodile 
chiefly of the largo superior jaw-bones 
(DD, 12); between those two bones, and. 
extending throughout their whole length, 
we perceive the two long narrow nasal 
bones, covering a nasal cavity which ex- 
tends’ to the occipital bone. The whole 
of that expanded round termination of the 
muzzle, is formed by two large intermax» 
illary hones, which have a wide nasal 
aperture between them. The sphenoid 
bone is remarkable here for its cxtent, 
and its development transversely. Id 
fishes we saw that that bone was remark 
able for its extent forwards, as it is also in 
the amphibia ; but we are now rising in the 
scale, and making a nearer approach in 
the forms of hones to the condition of 
mammalia. 

There are many curious analogies bes 
tween these saurian reptiles, the most 
perfect of them, and the cctaceous or 
aquatic mammalia; so great, indeed, that 
one would seek for their origin, and the 
natural chain of devclopments, running 
through the extinct saurian reptiles to 
the ectaccous animals, to which they had 
many singular affinities. The large and 
long palatine bones support the median 
and posterior parts of the two superior 
maxillary bones. You will observe that 
the margin of the superior maxillary bones 
and the intermaxillary bones are yene- 
trated by deep alveoli, that lodge tecth 
which have lengthened hollow fangs, and. 
give all that fixed condition to the tecth 
of the crocodilida which we find in the 
jaws of the mammalia., Those tecth suffer 
often great stress from the vigorous re~ 
sistance made by the larger quadrupeds, 
when struggling with the crocodiles under 
water. Crocodiles use the teeth not for 
mastication, but to hold the victim with, 
till it is suffocated, under water. Both 
must breathe atmospheric air, but the cro- 
codile has greatly the advantage, for that 
mixed condition of the blood which circu- 
lates through its system, and the commu 
nication between the two sides of tho 
heart, require not the quick succession of 
the acts of respiration which are neces 
sary where the heart is completely di- 
vided, and where the whole of the blood 














must pass rapidly through the respiratory 
organs, That is not the case with any 
animals we have yet considered, “Theis 
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venous and arterial blood are partially 
mingled together, and pass on through the 
circulating system, often while the lunge 
are not exerted. 

In the ostcology of the head of the In- 
dian gavial, we observe some slight differ- 
ences, which give rise to remarkable dis- 
tinctions in the outward forms of the head. 
Generally, the disposition and number of 
the bones of the skull are the same; the 
differences of form affect mostly the bones 
of the face. In the head of the Gangetic 
gavial, we observe that the upper jaw is 
composed throughout the greater part of 
its extent of the two upper jaw-bones 
alone, without the intervention of the na- 
sal bones. The extromity of the muzzle, 
which is dilated and round, is composed 
entirely of the two intermaxillary bones; 
and we do not find a trace of the nasal 
bones, until we’have passed upwards from 
the intermaxillaries, for more than half the 
extent towards the frontal bone. We come 
upwards to the extremities of the two na- 
sal bones, tapering to fine points, and 
thrust narrowly downwards between the 
two superior jaw-bones. 

Now, when you reflect upon this cir- 
cumstance, you can deduce from it an 
illustration of a general principle, that 
where it is necessary to give great s0- 
lidity and strength to'a part composed 
of solid hones, the fewer sutures that are 
adwitted the better. Were the nasal bones 
of the narrow-muzzled Indian gavial to 
shoot down along the whole length of the 
superior inaxillaries, as you see in the cro- 
codile, this very lengthened and narrow 
muzzle would be actually composed of 
slender strips of hone. ‘There would be 
no less than three distinct sutures tra- 
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versing the whole narrow face longitudi- 
nally above, whereas there is but one su- 
ture, by the two nasal bones being, being con- 
fined entirely to the upper part 
of the face, a the base of the long muzzle. 
The crocodiles are like the sharks among 
the fishes, with an endless supply of teeth, 
but in the crocodiles they are hollow cones 
which enclose each other, while in the 
sharks they are thin and solid-like lancets, 
and placed in contact behind each other. 


There are scarcely any parts of the 
skeletons of the saurian reptiles more va- 
rious in form than the scapular and sternal 
apparatus, which are so intimately con- 
nected with the various uses to which the 
arms are applied in the living state. These 
parts are more subdivided and complex in 
the inferior lizard tribes than in the quad- 
ruped forms of the larger sauria. The 


posterior portion, or dorsal part, of the 
in the lizards, generally 








scapular bones, is, 
very broad, thin, flexible, and ‘semicarti- 
laginous, as we already saw it in inferior 
classes. “The osseous part of the scapular 
bone, which reaches to the glenoid cavity 
for the head of the humerus, is strong, 
thick, and broad, and is united only 
cartilage to the very broad, thin, fi 
ed, coracoid bone, which passes down to 
the middle piece of the sternum. The 
acromion process is also detached and 
lengthened. The clavicles are generally 
united as in birds, and very slender 
bones. 

In the skeleton of the Nilotic crocodile 
(BE) you perceive that the whole of this 
apparatus has a more simple and more 
consolidated form. The two scapular 
bones (EE, a) are more lengthened and 





noxrow, their posterior certilaginous por-|now come to animals where we have all 
tion is smaller, and the coracoid bones|the kinds of vertebra met with in the 
have the same lengthened, narrow, and| most perfect of the mammalian; cranial, 
zompressed form to their junction with | cervical, dorsal, lumbar, sacral, and coccy- 
the sternum, The middle portion of the| geal vertebre. ” The true ribs approach to 
sternum extends far forward upon the neck, | those of birds in having their ventral ex- 


beyond the other elements of that bone. 





crocodile 





‘HE, q). The true ribs are at- 





arc two pairs of false ribs before, | sified sternal ribs (EE, 
and two pairs behind the true ribs in the! the sides of the sternum. 


tremities attached by cartilage to solid os- 
@) extending from 


On the anterior part of the abdomen of 


tached securely by a double head to the|the crocodile we observe transverse ossi- 
notched extremities of the long transverse | fied parts, extending forwards and inwards 
Processes of the dorsal vertebre. We have|to mect on the median plane, like abdomi~ 
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nal ribs; these thin transverse ossified 
pieces have an analogy in nature and po- 
sition with the tendinous intersections of| 
the recti-abdominis muscles. These recti- 
abdominis muscles of the human body, as 
you well know, arenot continuous muscles 
from their upper to their lower extremi- 
ties, but are divided by tendinous interscc- 
tions, which tendinous parts in muscles 
we find frequently to become the seat of 
ossific depositions—to becomeossified solid 
bones. We find that the tendons of muscles 
mnch.exerted as here, are particularly 
liable to ossification, especially in animals 
where the ossification has arrived at its 
maximum of development. The tendons 
of the legs in the wading birds, and in 
many of the gallinaceous birds, we find 
commonly converted into solid bones. That 
is an illustration from another part of| 
what we see here in the course of these 
powerful muscles of the crocodiles. Car- 
tilaginous substances you might indeed 
expect to become frequently ossified in 
animals, because all bones were cartilagi- 
nous before they were converted into 
bones; so that it is nothing remarkable to 
find that if a quadruped shall require to 
exert great pressure upon the cartilaginous 
septum of the nose, it should have that 
part ossified. It ought to have it ossified, 
und it has it so. We ure not then to look 
for something extraordinary in the nose of| 
a hog because it has a bone at the end of 
the cartilaginous septum, as if it had some 
part there—an element of the skeleton— 
different to what exists in the human 
face. 

These are cautions teaching us to seek 
for the common clements of structures, 
and to watch the operations of nature in 
varying the formation of parts before we 
immediately thrust in new elements of 
structure for a special purpose belongini 
to a particular animal. The difficulty 
that is created by that is not at first 
thought of. The difficulty that results, for 
instance, from assigning to the side of the 
head of fishes, opercular bones, as bones| 
which do not exist in any form in man, is 
manifested by ascending higher and higher 
in the continuous series of vertebrated 
animals. What has become of the bones? 
Ifthey be confined within the tympanic ca- 
vity or anchylosed to the angle of the lower 
jaw in man, they were not formed solely’ 
for the fishes, but still exist under another | 
form in the human skeleton. So in every’ 
other case where we imagine that we have 
got elements that do not exist in other 
animals, but only in the particular species 
we are examining, as we see that through- 
out the whole of nature’s organic produc- 
tions she is constantly passing by imper- 
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starts from one form ‘to another, so you 
might at first imagine that the solid os- 
seous shell which covers the whole abdo- 
‘minal surface of the tortoise and the turtle 
was something that did not exist in the 
human body. So, again, the large upper 
convex shicld or carapax, so solid that it 
covers the whole anitnal above; we might 
imagine there was something there dif- 
ferent from what exists in the human 
skeleton. ‘These parts, however, we shall 
see presently are common to man with 
‘most other vertcbrated aninials. 

The crocodiles require the muscular 
apparatus to be vigorous in the region of 
the abdomen, for the violent struggles 
which they have to sustain under water in. 
obtaining their food ; and they require to 
have a solid attachment for the muscles at 
the base of the enormous perpendicular tail, 
as well as for the extremities for progressive 
motion through the liquid clement. Gror- 
FRoy Saint-Hrzarre conceived, however, 
that the ribs which extend across the 
abdomen might be subservient to the 
same purpose to which the ribs at the 
anterior part of the trunk are chiefly ap- 
plied; that they might be useful in the act 
of respiration; and in observing that the 
crocodiles, although timid and sluggish 
animals on land, display the most vigor- 
ous and lively muscular actions when they 
are in their natural element, the water,— 
and that in struggling with their victim 
they require to remain a long time under 
the surface of the water,—he conceived 
that as they possess two openings 
leading from the cloaca into the cavity of 
‘the peritoneum, one upon each side of 
the cloaca, as you see at the sides of the 
anus in cartilaginous fishes, that those 
openings very possibly admitted water 
into the cavity of the peritoneum, and that 
the, animals might draw water through 
the cloaca, and convey it into the cavity 
of the abdomen for the purpose of respir- 
ing that liquid clement while they were 
struggling under water with their prey, 
and that in that aquatic respiration, this 
abdominal ossified part might be employed. 
This view was conceived to be further 
supported by observing that there was an 
animal belonging to the class echino- 
derma—the animal called holothuria— 
which draws in water through the anus 
and cloaca for respiration, and conveys it 
through beautiful, ramified, respiratory 
branchiee that extend upwards from the 
cloaca through its abdominal cavity. ‘This 
theory of the function of the abdominal 
ribs is not supported, however, by any 
direct observations on the power which 
the crocodiles have of drawing in water 
through these apertures Ieading from the 
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ceptible gradations, and never by sudden 


[cloaca into the cavity of the petitonensn. 
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as regards the form of the skull and jaws 
and teeth. 

In the ichthyossurus now before you, 
you observe there are lamin of bone sur- 
rounding the transparent cornca, as in the 
eye of a tortoise, as in the eye of an Ame- 
rican iguana, as in the eye of a bird. The 
bones of the head of the ichthyosaurus 
and of the plesiosaurus appear to have 
becn united in the fixed manner which we 
observe in the existing crocodiles, and 
not as in the lacertinc sauria. The teeth 
were also lodged in alveoli, and grooved or 
striated on the surface as we see in the 
existing crocodilida. The lower jaw, 
idcd into several pieces, as in the exist 
1g crocodiles ; 
wards heyond the tympanic bone. The 
tympanic bone appears in both to have 
been fixed ; o further analogy with the ex- 
isting crocodiles. The spinous processes 
are also largely developed in these skele- 
tons of the ichthyosaurus and of the ple- 
siosaurus, This corresponds with the ex- 
isting cetacea as well as the large croco- 
dilian reptiles, which are remarkable for 
their development of those spinous pro- 
cesses along the whole region of the back. 
‘The arched form of the very long and 
slender ribs of the ichthyosaurus gave a 
considerable surface and depth for the at- 
tachment and lodgment of the powerful 
muscles oceupying the space along the 
sides of these spinous processes. The 
bodies of the vertebra: in the ichthyosaurus 
are deeply concave at each end, like those 
of a fish, and those of the plesiosaurus arc 
almost fiat at the ends, like those of a 
quadruped; but in both’ these animals, as 
in the crocodilian existing reptiles, the 
elements of the vertebra were united by 
permauent sutures, The long spinous 
processes of the long neck of the plesio- 
saurus would render it impossible for the 
animal to curve the neck like a swan; 
nor would it be necessary in the dense 
element it inhabited, and with so very 
‘small and disproportionate a head. 

You observe the clavicles anchylosed ; 
the scapular and the coracoid bones are 
quite separate in both, and developed in 
front, in the manner which we sometimes 
observe in the most inferior of the exist- 
ing sourian reptiles. Neither the arms 
nor the legs appear to have had a fixed 
attachinent to the vertebral column. No 
vertebra appears, either in the ichthyo- 
snurus or in the plesiosaurus, to have had 
the transverse processes enlarged into the 
form of a sacruin; and those posterior ex- 
tremities, which were to exert consider- 
able pressure by the impulse they gave to 
the water to assist the lateral motions of 
the tail in swimming, appear to have been 
as completely detached from the vertebral 

















and also shooting back-| 
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column as those of a fish. The arms, parti- 
cularly of the ichthyosaurus, and the legs 
of that animel, were constructed entirely 
for an aquatic life, Hike: the arms of the 
lowest of the blowing cetacea. The hu- 
jInerus in the ichthyosaurus (FF) is a 
short compressed bone, but the radius and 
the ulna, detached from each other and 
cubical, somewhat resemble in form the 
‘numerous small compressed bones that 
‘succeed in the hand,—these cubical small 
bones succeeding the radius and the ulna. 
|In the ichthyosaurus you can scarcely 
distinguish the bones of the carpus and of 
the metacarpus from the phalanges of the 
fingers. From the extremity of the hu- 
merus it appears as if the hand immediate- 
ly commenced. These bones of the hand 
| consist of round pieces connected together 
by acartilaginous substance. They have 
‘not played upon each other, as in the band 
of adugong;; they have not met each other 
in the course of their ossification, and 
Played upon cach other so as to produce 
articular surfaces, as in the herbivorous 
cetacea and in this plesiosaurus. This is 
the condition which we shall again sce in 
the fixed fin-like hands of the porpoise, 
the dolphin, and other piscivorous or blow- 
ing cetacea. But the hands and the fect of 
the plesiosaurus approach much more to 
the arms of the lamantin and dugong, and 
have more of a prehensile form in the se- 
parate bones; they have more in their 
Tengthened and flecible structure, which 
would enable the animal to apply them, as 
the climbing herbivorous cetacea do, to the 
solid ground, or the inequalities of rocky 
coasts, than there is in the immoveable 
structure of the hands and the feet of the 
ichthyosaurus; and in the hands and arms 
of the plesiosaurus, we see the radius and 
ulua already assuming a much more 
tinct and lengthened form. The bones of 
the carpus and metacarpus assume forms 
more distinct from each other, as they 
have in the hands of terrestrial sauria and 
of quadrupeds. ‘The phalanges of the fin- 
gers have here met and even played upon 
each other so as to have produced articu- 
lar surfaces. 

It is a remarkable circumstance, cer 
tainly, to observe in these large skeletons, 
that notwithstanding the use made of the 
legs in swimming, they bave not produced 
any modification of the transverse pro- 
cesses in any part of the vertebral column, 
so as to present a distinct sacrum, as we 
see in almost every existing saurian rep- 
tile, But when we reflect on the uses 
which the existing crocodilian reptilos 
make in the water of their coccygeal ver= 
tebre in swimming, we may perceive that 
it was an advantage to those extinct aqua- 
tic sauria to have had the whgle posteriar 
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LECTURE XVII. 
ON THE OSTEOLOGY OF CHELONIAN 
REPTILES. 

‘Tux tortoises and the turtles which 
compose the chclonian order of reptiles, 
differ from the sauria we have just ex- 
amined, in having the ribs immoveable, 
and they differ from the serpents in kaving 
external members for locomotion, Look- 
ing at the singular exterior of these 
tortoises, shielded in a solid case like o 
molluscous animal in its shell, we should 
scarcely expect to find that this dense os- 
seous covering cuveloping the whole body 
consists of the same bones which compose 
the human skeleton. It presents a fine 
example of that unity of plan amidst 
versity of form, that simplicity amidst va- 
riety, which is'so conspicaous, and gives 
so pleasing adiversity, in the works ofna- 
ture. ‘These animals are remarkable among 
reptiles from their feeding for the most part 
on vegetable food, whiciv is a character of 
rare occurence among the saurians and al- 
most unknown among serpents. They ob- 
tain this food at the hottom of the sea, or on 
the hanks of lakes and of rivers, or on the 
dry land, and their outward forms vary to 
suit those different situations. From their 
small respiration, and from their having 
but one ventricle of the heart, where the 
venous and arterialized blood are partially 


No, 545, 


F 





























mixed, and also from the imperfect deve 
lopment of their nervous system, all their 
movements and feelings are languid, and 
they have great tenacity of irritability and 
of life. Whether creeping among the low 
vegetables on which they subsist, or lying 
torpid in their shallow burrows, these slow- 
| moving animals are constantly exposed to 
the trampling ofthe heavy quadrupeds feed- 
ing on the same kind of vegetable food, 
and their strong arched skeleton, which in 
the region of the trunk covers not only 
the viscera but even the muscles, affords 
them security from the dangers to which 
they are constantly exposed, and which 
they have neither sufficient acuteness to 


i) perceive nor activity to shun. In the 


aquatic species the form is depressed and 
flattcned, or but slightly convex, and with 
sharp margins, which is the best adapted 
for cutting with the least resistance the 
quid clement through which they move. 
Thus shielded by their carapax above, 
and their plastron beneath, they differ as 
much from the other reptiles, the ser- 
pentsand lizards, as fishes do from cetacea, 
or birds from bats, and their osteology 
differs remarkably from that of other 
reptiles. ‘That difference of form in the 
skeleton (ZH) arises chiefly from the 
grent development of the ribs (HH, ¢) 
which form the carapax, and from the de~ 
velopment of the sternum which composes 
the plastron beneath; for when we look 
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80 anomalous in reptiles, so different from 
fishes, amphibia, serpents, lizards, and 
birds? This is the fixed condition of a 
quadruped’s jaw, not the condition of cold- 
blooded animals, Even birds have not 
this fixed condition. The turtles feed 
upon marine plants; they possess great 
force of jaws for cutting the thick and 
tough stems of the marine plants on which 
they feed. This requires then that they 
should have this anomalous fixed condition 
of all the clements of the temporal bone, 
and that the tympanic portion should not 
play freely like that of a fish, or of an amn- 
phibious animal, or of a serpent, or of a 
lizard, or of a bird. In the frontal bone 
(KK, g f) we see the several pieces united 
by permanent sutures. The parietal hones 
(KK, h h) are remarkable from the differ- 
ences which they present in the land spe- 
cies, as contrasted with the aquatic. In 
the land tortoises they form an elevated, 
exposed, longitudinal crest, where they 
meet so as to resemble in this part the 
skull of a hyena among the carnivorous 
quadrupeds, or of a badgers but in the 
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From this consolidated form of the os 
seous part of the head (XK) of the chelo- 
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nian reptiles, from this immoyeable union 
of all the bones by sutures, from this ex- 
pansion of the parietal bones ovet the 
temporal muscles, and completely over 
the temporal fossa, together with the ex- 
pansion of the frontal bones themselves 
over the arch to the malar bones (KK, i), 
we observe that in the turtles the cavity 
of the skull occupies but a small com- 


aquatic animals these bones (1,4; KK, A) | pressed narrow passage, running through 
have extended laterally, and, in conjunc-'the centre of its large head. It must be 
tion with the temporal, jugal, and frontal! very obvious from this structure, that thé 
bones, have made an osseous covering! magnitude of the brain conteined within 





on each side over the temporal muscle: 
‘You therefore observe that the exter’ 
of the head of the turtle (KK) appears 
at first view as if it had a large cranial 
cavity, but the cranial cavity only occu- 
pies a small osseous tube in the middle 
of this great osseous development cover- 
ing the muscles. That is a repetition 
in the turtle’s head of what we see in 
the posterior part of its vertebral column, 
where the spinous processes of the dorsal 
vertebra have extended laterally, s0 as to 
assist in the formation, with the ribs, of the 
great upper shield or carapax, 





All the parts of the upper jaw are fixed 
in the chelonian reptiles, as they are in 
the crocodiles, on account of their kind 
of food, The upper and the lower jaws 
are covered with a sharp, cutting, strong, 
horny plate, which is particularly sharp and 
cniting in the upper jaw, and strong and 
denticulated in the lower jaw, represent-| 
ing, in their direction and position and 
uses, the dental system of many aquatic 
birds, and the horny lamine of the orni- 
thorhynchns, and those of the whales 
placed along the alveolar margin of the 
upper jaw. ‘The margins of the jaw-bones, 
covered with these horny masticating in- 
struments, are thin and sharp, and of 
great depth from above downwards, so 
that they are capable of cutting the stems 
of plants in order to procure food, with 
great force. 





the cavity of the skull, can here have little 
or no influence on the general dimensions 
of the head or on its outward form. This 
is in some respects interesting in a phy- 
siological point of view, and as con- 
cerns the remains of those animals found 
in the strata of the earth, or even for as- 
certaining the characters of existing spe- 
cies. You will see that it follows from 
| this circumstance, that the hones which 
| you here look upon as the exterior surface 
\of the skull and around the whole head, 
are bones which enclose the muscles, 
which enclose the organs of the senses, and 
which, therefore, grow as those soft parts 
grow, and continue to grow through life 
like the bones of the face, and like all the 
rest of the skeleton. But that is not the 
case in animals where the surface of the 
skull corresponds with, and is applied to, 
the surface of the brain; for in such ani- 
mals,—and man belongs to such a group,— 
at the early period of life, when the brain 
is proportionally very large, so also are the 
outward dimensions of the frontal bones, 
of the parietal bones, of the occipital bone. 
But as the brain has shot early through 
many of the phases of its development, 
being an organ much required, and one of 
the most important for the individual in 
establishing relations with surrounding 
nature, it is early shot forth to a high de- 
gree of development; but in after life its 
march is slow; and we observe that the 
hones of the face in such animals, pro- 
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OF THE CHELONIAN REPTILES. 


The ribs of animals have two principal 
modes and points of attachment to the 
vertebre. In the one mode where great 
freedom of motion is required, we find 
them articulated to the extremities of the 
transverse processes,—as we see them 
fishes, as we see them in the perenni- 
branchiate amphibia, as we seein serpents, 
as we see for the most part in porpoises, 
in grampuses, and in many other ceta- 
ceous animals. But there is another kind 
of attachment, where freedom of motion is 
not to be desired, but great security and 
firmness of the articulation; in that case 
they are, as it were, pushed down from 
the transverse processes to the intervening 
spaces, so as to touch and unite with the 
bodies of two separate vertebra, and have 
thereby a secure attachment. 

It must be obvious to you, that if the 
ribs are to form, as it were, a solid shell to 
resist great pressure, and to envelop the 
whole body of the tortoises and the turtles, 
that they require such an attachment as 
shall obtain the greatest degree of security 
in the articulation. We observe, there- 
fore, that their ribs pass inwards to be'at- 
tached each between two vertebra, so 
that one rib is united by suture to the 
body of the vertebra above and the body 
of the next vertebra below. These ribs 
extend outwards, nearly parallel to each 
other in their line of junction, expanding 
a little toward their distal margin. These 
ribs unite with each other also by sutures. 
From the flatness and arched form of these 
bones, and from the sutures which bind 
them anteriorly and posteriorly, they have 
been mistaken for parts of the human 
skull. And from the great magnitude of| 
these bones, it was natural to imagine 
that such a skull must have belonged to a 
human being of enormous size—an ante- 
diluvinn giant. 

In the land tortoises these ribs pass for- 
ward ossified, united by suture to their ante- 
rior or ventral termination; not tapering, 
you will observe, to a point, as they do in 
the turtles (#72), but continuing broad and 
much arched to their anterior termina- 
tion; and they terminate anteriorly by a 
suture which connects them to other rib- 
like bones in the land tortoises, which are 
the sternal ribs. We observe, that although 
the ribs themselves are immoveable in the 
aquatic as well as the land animals of this 
order, that there are osseous parts sur- 
rounding the trunk of the body, which 
have a motion upon each other. We ob- 
serve, notwithstanding the ribs are fixed, 
that ‘in the aquatic species they do, by 
their imperfect ossification at their free 
terminations, where they unite with the 
sternal appendices, assist in the mobility 
of the plastron orsternum, In the aqua- 
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tic species the ribs (HH) have the 
march of their development at their vertes 
bral extremities in the same manner a@ 
in the land animals; but after a time they 
have ceased to meet each other at their 
margins, and to be joined by satures, and 
have shot out a narrow rib-like process, 
resembling the ribs of mammalia, which is 
continued on to the edge of the sternal 
appendices. You see, therefore, the 
limits and forms of the eight pairs of ribs, 
as in the specimen before you, most dis- 
tinetly defined in the aquatic species. 
‘There is here much less confusion arising 
from the junction of the ribs with each 
other throughout their whole extent, than 
there is in the land animals where this 
takes place. 

Extending downwards from the termi= 
nation of the ribs to join the plastron or 
sternum beneath, or: the anterior shield, 
we observe that these sternal appendices 
are ossified. In the land animals the 
sternal appendices are so extensively de- 
veloped and ossified as to meet eachother, 
and to unite by suture—to meet the ends 
of the ribs, and unite with them by su- 
tures, and to articulate with the parts of 
the sternum also by sutures; so that the 
whole trunk of the body is thus surround- 
ed by a tube of solid bone in the land 
animals. 

Jn the aquatic species, as you can per= 
ceive by this very large and beautiful 
skeleton of the turtle, presented to me 
by Dr. ‘Reilly of Bristol, the ossification 
has not gone on to that extent, but the 
ribs have ceased to develop so much in 
breadth, before they have reached the 
sternal appendices. ‘The sternal appen- 
dices (HH, &) are, in the same manner, 
throughout the whole side of the carapace, 
pattially detached from the ribs. Look- 
1g near the point of junction between the 
ribs and the vertebral column, we observe 
on the outer part of the skeleton large ex- 
panded pieces running in a median chain, 
from the anterior to the posterior part. 
These expanded bones correspond with 
the expanded form of the parietal bones 
in the skull ofthe aquatic species. In the 
skull we observe that the parietal bones 
expand laterally, so as to cover the tem- 
poral muscles. ‘The parietal bones form 
spinous processes to the cranial vertebra, 
just as we see that the median or superior 
portion of the occipital bone, is the spinous 
process to the posterior cranial vertebra. 
‘These developed spinous processes, there- 
fore, which we here see extending back- 
wards along the whole median plane on 
the back of the tortoise and the turtle, 
only constitute a repetition of that struc- 
ture which we have already seen in the 
skull, Nature will vary the forms, ta 
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forward to the cotyloid cavity. On looking secure articulations than in the aquatic 
into the cotyloid cavity (MM, Fig. 2, d), species, which require more free motion. 
we distinctly perceive it is formed by the The bones of the carpus (HH, g) in the 
Junction of three bones, the lines of sepa-j hands of the turtle, by their 


ration of which are particular! 


obvious, |form, contribute to make the hand more 


traversing this cavity. One ofthesc bones in the form of a flat fin for 


(aaa, 





2,¢¢), forming part of the co-|through the sea. The land animals are 


tyloid cavity (A{M, Fig. 2, d), extends for-' remarkable ior their short trunkated 
wards, and mects with the other of the‘ hands and feet,—the great strength of the 
terior 


opposite side on the median plane, where | bones of their anterior and 
ittouches the inner surface of the sternum; | tremities, and thcir little mol 


these are the two osa ichii (HH, m; 
MM, Fig. 2,¢ c). The other free, ex- 
panded hones (MM, Fig. 2, 4 a) meeting 
anteriorly, generally concave anteriorly, 
convex inwards, are the ordinary oza pubiz 
in their normal position, with relation to 
the other bones of tho pelvis. Thus we havo 
the pelvis of these singuiar animals, though 
placed within the ribs and sternum, comn- 
posed of the ordinary three bones, the otsa 
isehii, the iliac bones, and the pubic bones. 

Rising upwards from the anterior mar- 
gin of the pubic bones, you observe two 
Jong expanded processes. 1 now hold 
these specimens by those processes. These, 
you perceive, are in the position of the 
detached marsupial bones. There are 
detached boncs in that position in croco- 
diles, and in iarsupial and monotrema- 
tons quadrupeds. 

‘The humerus (HH, d) is generally a 
very strong bone, both in the land ani- 
mals and in the aquatic species. In the 
land animals it has a twisted form, giving 
a greater range of motion to the hands, 
and by which the animel, when thrown 
accidentally upon its back and extending 
the arms backwards towards the ground, 
is enabled more easily to reach it. Were 
the humerus not thus bent in the land 
tortoise, it would often perish from the 
want of the means of turning itself over 
upon its abdominal surface. Were’ you 
not to see the animal in the act of em- 
ploying in various ways this twisted hu- 
morus, you might think its bent form was 
the result of rickets, mollities ossinm, or 
aome other disease. Tt isa very large bone 
in the aquatic species, much larger than 
the femur, because the arms in the aquatic 
species are inch larger than the legs, and 
more powerful and important_members 
for the inotions of swimming, The radius 
and the ulna are placed widely apart, and 
admit of very little pronation and supina- 
nation in auy of the epecice. ‘The arms 
arc fixed in the tortoise in a state of pro- 
nation, to strengthen them for the eup- 
port of the heavy trunk, The whole of 
‘the bones of the carpus are confined in the 
land species to ® narrow space, and have 
mostly a compressed form and very limit- 
ed motion. In the land species they are 
more compressed and fixed, and fori more 




















are the more capable, howevei 
legs of the huge clephants, of resist 
enormous pressure; they are cay 

digging against great and solid resistance, 
and many of those animals we know to 
burrow in the earth; they have to support 
their own massive carcass, and sometimes 
the trampling of heavy herbivorous qua- 
onthe fi (HA, =) in trong 

femur (HH, m) in a very 

and short bone, very broad at im upper 
and lower part where it expands in the 





tortoise. It is a shorter bone than the 
humerus, hoth in the land and the aquatic 
species. ' Formed like the femur of qua- 


drupers, it has 2 distinct head; the 
neck very distinct, though short, the fro~ 
chanter major ascending bigher than the 
head of the femur, as you know to be com- 
mon in the quadrupeds. Like the other 
long bones of the chelonis, it has a spongy 
cancellated internal structure throughout 
its whole extent, and has no distinct ca- 
vity in its middle part for containing mar- 
10W; thisis the common internal structure 
of the long bones of reptiles. The tibia 
and fibula (HH, » 0) are united in such 
manner as to admit of little rotation or 
supination either upon the femur or the 
“Th Sa raga yhich th 

‘he astragalus which sa es0 
bones ls alatge bone, because ofthe pres- 
sure and the resistance which it often has 
to oppose. The bones of the tarsus, like 
those of the carpus in the land animals, 
ovcupy but a small space in the very short 
club-shaped or truncated foot, and are com- 
pressed in their form. The 
bones and the phalanges of the finj 
short in the land animals, but of a very 
lengthened form in the suatic (HH, h). 
The phalanges are much less developed 
in the posterior extremities than on the 
anterior, which are the organs chiefly em- 
ployed in swimming, or which give most 
assistance in progressive motion in the 
aquatic species, wherein they approach in 
structure to the hands of the cetaceous 
mammalia. 

‘We have thus the same osseous elements 
in the skeletons of these chelonian reptiles 
which we have in the other orders of rep- 
tiles, but developed in such # manner as to 
Present an outward appearance very dif. 
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LECTURE XVIII. 
ON THE OSTEOLOGY OF BIRDS. 


In the texture and composition of the 
ones, the class of birds has arrived at the 
maximum of development known in the 
animal kingdom. We have seen, from the 
lowest of the cartilaginous fishes, the bones 
gaining in the proportion of their solid 
Parts, and consequently diminishing in 
the proportion of their animal matter. We 
have observed, however, that in all the 
cold-blooded vertebrated animals the bones 
have a cocrse fibrous structure, the tex- 
ture of which is easily seen upon macerat- 








bones of birds appears to be dependent on 
the greatextent of their respiration, andthe 
consequent high temperature of the blood, 
to the energy thus communicated to their 
muscular, to their circulating, and to all 
their systems. We find this increased 
energy of all their functions strikingly 
manifested in the rapid ossification and 
anchylosis of the bones, and the extent to 
which the ossification has gone through 
parts that in other animals are not ossi- 
fied. Here we find that the bones them- 
selves are light and compact air-tubes,— 
condensing syringes for the air that is 
forced into them during the rapid descent 
of the birds through the atmosphere to 
ounce upon thelr prey, or to etcape from 
danger when pursued by stronger species. 

But the bones of birds begin, in all the 
species, the march of their development, 
like the bones of reptiles. When the ca- 
vities are first formed in their bones, those 
cavities are filled in all birds with a thin so- 
rous fluid. That marrow, aswe ascend from 
the heavy swimming aquatic birds to the 
rapacious birds, becomes less and less in 
quantity throughout the skeleton; the air 
displaces it, and supplies its place as it is 
gradually absorbed ; so that in the rapa 
cious and all the powerful flying birds, the 
bones serve as organs of respiration ; and 
ifyou break the humerusof such a bird and 
tie its trachea, it will breathe through the 
humerus, drawing air through that passage 
into the lungs, and expelling it in expi- 
ration through the same bone. But we 











ing the bones, and removing a part of the | sce the same differences in the extent of the 
animal matter. ‘The most compact of all! acration of the bones, as occur in the va- 
textures ¢2 the bones is found in the ani-| rious orders of birds—from the aquatic to 
mals of this class. ‘The skeleton of birds | the raptorial epecies—in watching the ra~ 
is composed of pieces that are exceedingly | pacious birds themselves from their in- 
dense in their texture, white, compact, ‘fancy to their adult state. ‘Their bones 
and brittle. Thoxe pieces contain much | were at first like those of the heavy aqua- 
less of the: cartilaginous and gelatinous’ tic birds, destined never to soar aloft into 
animal ma tter in proportion to the solid the atmosphere; and from that condition 


earthy pacts. The parictes of the long 
Bones are much thinner, their internal 
cavities are much greater, and the ele- 
ments of all the complex’ bones are an- 
chylosed “together, to a much greater ex- 
tent than in any other kind of vertebrated 
animals, Thi 
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igh development of the: 


‘of their bones we find them gradually ar- 
criving at that light and airy structure 
‘which they exhibit in the adult state 
when they become thin pellucid air-tubes 
without internal caneelli, and traversed 
only at their extremities hy osseous fila~ 
ments, 
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the jaws and face, 
and not on the form of the small craniany 
behind. We havealrendy often bad occa. 
sion to observe the face thus 
and forwards in fishes. 


by acontinuons plate of hone, from the 
aachyloria of almost all the eranin! hones. 
There is no lambdoidal suture to separate 
the oceiplial (QQ, a) feo she: patieal 
bones (QQ, ) ; there is no migittal suture 
to separate the parietals ; there ic notrare 
of coronal suture to separate the parietals: 
testis hare tl heared ot 
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in these bo ‘bones, from their ermineacer, de- 
pressions, and foramina, from the pasts 














OSTEOLOGY OF BIRDS, . 


bones where the extent of respiration is 
great: and we observe on the upper and 
inner part of the sternum the open pas- 
“sages through which the air gains admi 
sion into the cellular texture of the ster 
num. You find these large in the rapacious 
birds—large even in the aquatic birds, to 
aid them in swimming. The upper part of 
the sternum (TT) upon each side has an 
articular surface, long and deep, for the 
reception of the two strong coracoid 
bones (77, ¢). Along its sides, towards 
its upper part, we ob- 
setve numerous deep 
depressions which re- 
ceive the extremities 
of ‘the sternal ribs 
(TT, #2) which play 
freely in these deep 
articular depressions. 
‘The surface, external- 
ly, of the sternum, is 
marked by ridges that 
indicate the limits of 
attachment of the 
large and small pec- 
toral muscles, — for 
those muscles cover 
the whole exterior 
surface of this very 
large sternum; indced it is chiefly on 
account of the magnitude of the pectoral 
muscles that this bone has been extended 
downwards so far, and is of a solid unyicld- 











ofthe abdomen. The lower extremity or 
posterior margin of the sternum, is that 
which presents the greatest variety in its 
appearance. In some birds, as you observe 
in this great condor of the Andes, in this 
golden eagle, and in this ospray, it’ is ossi- 
fied across completely from the one side 
to the other at its posterior margin. But 
in the aquatic birds, as you sce in these 
swans, in these divers, and in these ducks, 
there is a considerable part of the poste- 
rior margin deficient, and its place is oc- 
cupied only bya membrane. But in the 
gallinaceous birds the posterior margin is 
frittered down to the narrow terminations 
of several separate bones, as you sce in 
the turkey, and in this peacock (77, n g). 
It is, in fact, in these heavy gallinaceous, 
and in the running birds, that the sternum 
is the least required. They feed, like ru- 
minating animals, upon what they find on 
the ground. Their heavy bodies are but 
ill-udapted for extensive flight through 
the air, and their sternum is at all times 
but imperfectly developed, and in a lower 
condition, cousequently, as to the consoli- 
dation of its elements; that, therefore, is 
precisely the tribe of birds in which we 
ought to seek for the separate elements 
still detached of this complex bone, In 
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the rapacious birds, the diurnal repa- 
cious birds especially, the elements are 
quickly ossified and solidly anchylosed, 
therefore you see the whole sternum one 
solid aggregate of anchylosed bones. But 
in the gallinaccous birds, the little use 
made of this bone is accompanied by 
a slow development of all its elements, 
and they slowly meet, slowly unite, and 
never present that complete and exten- 
sive ossification which we see in powerful 
birds that are destined by their muscular 
efforts to soar aloft into the regions of the 
air, 

Looking at the sternum of the gallina- 
ceous bird, then, as in this of the common. 
peacock (TT), we see at the upper and 
middle part, © compressed narrow ridge 
(TT, 1) extending upwards a considerable. 
way. That prominent ridge is composed 
of two small bones, which meet each other, 
and anchylose together by their flat sur- 
faces. In the adult bird, therefore, it is » 
solid projecting thin single bone. It is 
thus composed of two distinct elements, 
situate one upon each side, at the upper 
or anterior extremity of the sternum; 
these are the two episternal pieces (TT, 1) 
united and anchylosed firmly together. 
‘These two bones rest upon the upper ex- 
tremity of the crest of the sternum. And 
you will observe that that crest can gene- 
Tally be traced downwards to near the 

osterior termination of the bone; it in 
fact belongs wholly to a single median 
clement. Itis the entosfernal bone (TT, 0)s 
or the entosternal element of this aggre- 
gate of anchylosed bones. On the upper 
part of the two sides of the entosternal 
elementyou observe abone,the boundaries 
of which are marked by sharp ridges, a 
bone which receives upon each side the 
articulation of the sternal ribs (77,2) 
—these are the two Ayosternal boncs. 
From the lower extremity of these two 
small hyosternal bones you observe in 
this turkey, and in many other gallinace- 
ous birds, a bone which in its lower 
portion is bifurcated, extending down- 
wards; these, placed one on each side, are 
the two Ayposternal bones (TT,n). | At 
the extremity of the very long ento- 
sternal piece, posteriorly, you will gene- 
rally observe ‘in the recent birds, acurved, 
tapering, cartilaginous termination. This 
lower or posterior termination of the 
sternum, of a cartilaginous consistence, is 
composed of two cleincnts, placed in the 
position of the xiphoid cartilage in the 
human sternum; they form the two 
iphisternal pieces (TT, p). So that in 
the bird’s sternum, we can trace the same 
nine distinct elements which exist in the 
sternum, so largely developed, of the tur« 
tles and the tortoises (LL, Figs. 1,2\. 
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LECTURE XIX. 
ON THE OSTEOLOGY OF BIRDS, 


‘Tar. arms of birds are organised for the 
air, and their legs for the land or the 
water. No parts of animals vary so much 
in form and structure as the atlantal and 
the sacral extremities ; the parts remotest 
from the centre of the skeleton are the 
most mutable in form; and the organs of| 
progressive motion conform most to the 
medium in which animals reside. ‘These 
parts vary indeed so much in the same 
class of animals, that we might almost be 
induced to imagine that in organs so dif- 
ferent as the human hand and the fin of the 
porpoise, or the wing of the bat and the 
hand of the mole, all unity of composition 
was lost; and in passing to different 
classes we should scarcely expect to find 
the same elements of structure which 
compose the fin of a fish or of a turtle, 
metamorphosed into the wing of a bird. 
But these very diversities of form of the 
same organ, when carefully examined, 
present the best proofs of the unity and 
implicity of the plan upon which all or- 
ganic forms are constructed. The same 
instrament which servcs the seal to cleave 
the depths of the sea in pursuit of its prey, 
and the mole to dig its subterranean la- 
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byrinths, carries the eagle through the 
regions of the air, and the migratory birds 
over mountains, and continents, and the 
ocean. No muscular mechanism could 
give this‘power to the quadruped; it must 
have every system, down to the generative, 
constructed on the plan of the birds. 
With twins in the uterus, filling the ab- 
domen, and pressing up the viscera against 
the lungs, how could the eagle, spurning 
the dull earth, dart like a meteor through 
the air, and ride at ease above the clouds? 
How could it soar’ aloft like a balloon 
through the attenuated air if its respira- 
tion'were.confined to the lungs, and its 
carcass were weighed to the carth with a 
load of useless marrow, filling all the ca- 
vities of its bones? Its respiratory sys- 
tem, like that ofan insect, passing through 
all parts of the system, through the bones 
of the face and the skull, through eve 
vertebra of the column, and through ai- 
most every bone to the hands and feet, 
through the lungs, and through the large 
air-cells within and without the trunk, 
not only renders the body light and buoy- 
ant, but by aerating the branches and ca- 
pillaries of the systemic as well as the 
pulmonic vessels, the temperature of the 
blood is raised, to develop the ovum by in- 
cubation, increased energy is given to the 
muscular system for their aerial exploits 
and their mi; 
redoubled activity is communicated to the 
circulating, the secreting, and all the 
other systems of their economy. ‘Their 
nervous system and the organs of the 
senses run rapidly forwards to a high stage 
of development; ossification and anchy~ 
losis proceed through their skeleton with 
unparalleled activity, and to an extent 
unequalled in other animals; and the 
hairs on the surface of their body are me- 
tamorphosed into feathers, to serve as light 
elastic instruments to impel them through 
the air, so that every part of their eco- 
nomy conforms to their aerial life 

‘We have seen the extensive surface 
presented by the sternum for the'attach- 
ment of the powerful muscles of the hu- 
merus, and the solidity of the trink, by 
which the force of those muscles is re« 
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THE ELEPHANT. 


their base. The osseous matter, or ivory, 
which composes the great body of the 
tusk, is deposited in successive layers in 
the interior of its cavity, so that you may 
view the tusk of the elephant as consist- 
ing of a serics of cones, somewhat bent, 
and placed the one within the other, and 
we see them exfoliate in concentric layers 
when decayed. Thus it is that we find 
frequently, during the growth of the tusks 
of the elephant, that balls, which had been 
shot through the intermaxillary bones, 
and through the slender base of the tusk, 
have dropped into the cavity of the tusk, 
falling by their gravity to the lowest part 
that is not yet ossified in the cavity of the 
tusk; they there rest. The ossific matter 
continuing to be deposited in layers in the 
interior, as the tooth is gradually pushed 
from the jaws, it soon comes to encompass 
the foreign body, and in the course of time 
the ball is embedded completely in the 
solid osseous substance of these incisor 
teeth, as you scein the specimen before you. 
Now we could conceive that the ball could 
pas altogether through the tooth, and 
leave not a trace behind of its ever having 
existed there; for supposing, ata very early 
Period of the formation of the second or 
permanent pair of tusks, the elephant had 
the ball shot through its intermaxillary 
bone, and that it gained this admission 
into the cavity of the tusk, and that by its 
gravity during the inclined position of} 
the head, it fell down to nearly the apex 
of the very young hollow tooth, those 
incisor teeth being the chief instraments 
of offence and defence of the elephant,— 
the instruments which it is continually 
employing for tearing up and breaking 
the branches and stems of trees, and over- 
coming the most violent resistances op- 
posed: to it—those tusks are continually 
wearing down at their tapering exposed 
part, so rapidly, that had the ball lodged 
near the apex, it would have appeared 
gradually extcrnally, and the wearing of 
the tooth all round it, would have actually 
caused it to drop from the surface, and 
the wearing coutinually externally, the 
tooth would have assumed its natural 
round form, and no trace been left us 
that ever it had been pierced. 

Deriving, thus, no assistance in masti- 
cation from their tusks, those organs of| 
offence’ aud defence, the whole stress of 
that function is thrown upon the molar 
teeth. Those stupendous instruments for 
grinding down, for more than a hundred 
years, the solid stems and branches of tro- 
pical trees, require to have a mechanism 
and a plan of growth and perpetuity very 
different from that of almost all other 
quadrupeds; nay, cven of the rodentia, 
Because the rodentia have effective in- 
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cisor teeth below as well as above. By 
the possession of these effective incisor 
teeth below as well as above, the rodent 
animals reduce and soften and prepare 
their food before they carry it back to be 
submitted to the action of the molar 
teeth. The elephants can do no such 
thing. The food must in them come un- 
masticated between the molar tecth, and 
not reduced to a pulp already by the 
action of theincisors. That therefore ne- 
cessitates an infinitely greater provision 
in the elephants for the abrasion and 
renewal of their molar teeth. 

‘They consist, in the elephant, of nu- 
merous originally separate teeth, glued 
together by a crusta petrosa, or cortical 
part. Those teeth having their plates of 
enamel and of osscous substance directed 
transversely across the jaw,—having the 
same kind of longitudinal action which we 
see in the rodent quadrupeds, an action 
which consists of a motion of the lower 
jaw backwards and forwards, we still ob- 
serve that the direction of the plates of 
enamel is at right angles to the direction 
of the motions of the jaws. It is the best 
possible direction for the plates of the 
enamel to be at right angles to the di- 
rection of the motion, for if the motion 
were in the same direction with the plates 
of enemel and of the softer osseous sub- 
stance, those would play smoothly over 
the surface of each other, the prominences 
of the one sliding in the depressions of the 
other, and would never have the effect of 
grinding and reducing the solid substances 
that were placed between them. The food 
would be embedded safe from attrition in 
the cavities, and the corresponding ca- 
vities and promineuces would slide over 
each other; but by having the serrated 
surfaces rubbing against each other, we 
see that no particle can escape their action. 
Like two millstones, all that is placed be- 
tween them inust be filed down to atoms. 
‘This attrition against each other then, is a 
cause of still more rapid abrasion of these 
teeth. 

‘The molar teeth begin in the young 
elephant by a small number of detached 
transverée laming, forming so many entire 
though small and thin teeth, Those nu- 
merous thin, flat, lamin of osseous sub- 
stances, covered over each with its enamel, 
are anchylosed at length by the deposition 
of an osseous, very dense, and compact 
crust—a petrous crust entirely enveloping 
their exterior, which petrous crust glues 
together the few separate small laminz of 
the young animal. They are yet narrow 
transverscly, and few in number, so that 
they are short also longitudinally. ‘Those 
are soon worn to the stumps, and they are 
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LECTURE XXVII. 


ON THE OSTEOLOGY OF INSECTIVORA 
AND CHEIROPTERA. 

AurnovcH the mammalia are for the 
most part organized to stalk like man on 
the dry surface of this earth, and to enjoy 
the spectacle it presents, we find every 
element pcopled with the species of this 
class. The summits of lofty trees are the 
abode of myriads of active quadrumana 
and squirrels which gambol among the 
branches, and of sloths, opossums, and 
other climbing quadrupeds. The’ bats 
and petauri flit like shadows through the 
air, and the ponderous pachyderma and 
ruminantia carry their heavy carcasses 
over the surface of the ground. The gi- 
gantic cetacea pass and repass, moving 
with the velocity of meteors beneath the 
still surface of the sea; and fierce sea-lions 
twenty feet in longth, huge otaria, seals, 
and walruses, scour the deep dark valleys 
of the ocean, seeking what living crea- 
tures they may devour. The dunnest ca~ 
verns in the sea and on the land are peo- 
pled with mammiferous inhabitants, and 
the solid earth we tread upon swarms 
with burrowing quadrupeds, moving to 
and fro in their meandering passages, like 
worms in their holes, The food of ani- 
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mals determines not only the forms of 
their prehensile, their masticating, and 
their digestive apparatus, but also those 
of their locomotive organs, their organs of 
the senses, and more or less of their whole 
internal economy, their living habits and 
instinets, and their physical and geogra- 
phical distribution. Insects are the most 
abundant and the most diversified of all 
animal forms organized to breathe atmo- 
spheric air; they attack all forme of or- 
ganized matter, they swarm in the atmo- 
sphere and in the depths of the earth, 
they cleave the waters, like fishes, with 
their wings, and they pierce through the 
bodies of animals and plants. They are 
the prey of almost all classes of animals, 
from the lowest radiata to man. We have 
seen in the feathered tribes, animals 
whose skeletons and all other part are ad~ 
mirably constructed for pursuing through 
the air, for seizing and for digesting, in- 
sects; that many of them have their bills 
organized and formed in such a manner as 
to be capable of being insinuated into the 
crevices in the decayed bark of trees. 
Others have the bill formed for being 
thrust under water, among stones, or into 
mud, and are gifted’ with a high degree-of 
sensibility around its margin, 90 as to 
distinguish by touch insect-food where 
they could not perceive it with their eyes. 
Quadrupeds also without number are or- 
ganized for that kind of food; and we find 
that some, provided with wings, can pur- 
sue winged insects through the air; such 
are the bats. Others, as the lemurs, the 
opossums, the petauri, seize the insects 
that alight upon the trees; others, as the 
edentulous ant-eaters and echidna, con- 
sume those which move on the surface of 
the ground; others pursue them through 
the waters or the mud, as the ornithorhyn- 
cus; and others devour the maggots and 
the beetles which swarm under ground 
throughout the soft soil of all continents 
and islands. We find often in groups of 
quadrupeds, that although their essential 
structure remains nearly the same, those 
more trivial parts by which they are ena 
bled to seize or to pursue their peculiar 
kind of food, haye assumed different forms 
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be convex downwards, a still feebler di- 
rection. 

On the anterior part of the skull of the 
hedgehog, you observe a vacant space 
between the two intermaxillary bones. 
There come thence two large prominent 
teeth (Fig. 111, a). Those teeth some- 
what resemble in their lateral position, 
and in their long conical form and ap- 
pearance, the canine teeth which we have 
seen so large in carnivorous quadrupeds. 
‘Weperceive here then, from the magnitude 
of those teeth, which are true incisors, 
and the smaliness of the incisor teeth 
that immediately succeed them, that the 
magnitude or smallness of the teeth has 
nothing to do with their true anatomical 
and zoological characters. You observe 
that those two large teeth of the hedge- 
hog in the fore part of the mouth are dis- 
tinctly inserted into the intermaxillary 
bones, and not into the jaw-bone. That 
they have behind them’ two very small 
teeth, which are also incisors, on cach side; 
so that there are six incisors above in the 
hedgehog. ‘The teeth which succeed, 
come very near to the last of the incisors, 
and are the first in the upper jaw; those 
therefore are canine tecth (Fig. 111, 5) 3 
and you perceive that they have not nearly 
half the length orthe magnitude ofthefront 
pair of incisor teeth. The molar teeth here 
presont fine examples of those broad tu- 
derculated crowns, studded with sharp 
points, which are so characteristic of in- 
sectivorous quadrupeds. We have here, 
both in the upper and lower jaws, broad 
square crowns of the molar teeth, with 
numerous pointed tubercles arranged in 
two longitudinal rows. ‘The whole of 
those crowns are covered, with a thick, 
dense, and continuous layer of enamel. 
This is the case with the teeth of the 
cheiropterous animals, with those of the 
quadrumanous animals, and with the molar 
teeth of man; we have seen it to be the 
case also with the molar teeth of car- 
nivorons quadrupeds, so that this con- 
tinuous coating of enamel is common to 
the molar teeth of all the higher orders of 
quadrupeds, In the lower jaw the front pair 
Of incisors are approximated, and project 
like long tusks, as in the upper jaw ; there 
are here also two other small incisors be- 
hind each, so that there are the same 
number below as above. The lower canine 
teeth are nearly the smallest teeth in the 
head of this animal, 

There is cofsiderable motion in every 
direction in the lower jaw; its condyle is 
flat, extended transveracly, and plays over 
a flat articular surface of the temporal 
Lone. The malar bone is here remark- 
alle for its smallness, and for its forming 
only @ very small part of the middle of| 
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the zygomatic arch; its usual place ia 
occupied by o large malar process of the 
superior jaw-bone. The intermaxillaries 
extend high upon the face. The nasal 
bones—very narrow, long, slender bones 
—extend upwards between the frontals, 
which are here separate. The parietal 
bones are also generally separated by a 
sagittal suture, and encompass a large 
and smooth cranial cavity, at the anterior 
part of which are two large fosse, termi- 
nated by the large cribriform plates of the 
ethmoid bone, for the olfactory nerves, 
The turbinated portion of the ethmoid, 
and the two turbinated bones, here pre- 
sent a very extensive surface for the or- 
gan of smell in these small-eyed nocturnal 
animals. The coronoid process of the 
lower jaw is very large and high, and the 
ramus of the jaw arches upwards and in- 
wards behind the condyle. The infra- 
orbitary foramen is large and compressed, 
and the lachrymal groove perforates the 
outer margin of the lachrymal bones, ex- 
terior to the orbits. ‘The transverse ridge 
of the occipital is elevated and sharp, and 





j the longitudinal ridge generally well mark~ 


ed. The extensive articular surfaces of 
the occipital condyles, allow of very ex- 
tensive motion between the head and the 
atlas, and the magnitude of the occipital 
foramen, and of the foramina of the car- 
vical vertebra, allows of free motion in 
this region im all these digging animals. 
‘The large spinous process f the axis arches 
backwards over the two succeeding cervi- 
cal vertebre, and the transverse processes 
of the sixth cervical vertebra are length- 
ened and expanded like those of a croco- 
dile or a gavial. 

In the posterior part of the skeleton 
of the hedgehog you observe there is a 
considerahle mobility in the vertebral co~ 
lumn. That is indicated by the small 
development of the spinous processes 
throughout the whole region of the trunk, 
and the small development of the trans- 
verse processes also in the lumbar region. 

‘The hedgehog is one of those animals 
which are covered externally with a 
means of defence in the form of highly- 
developed hairs, forming large, stiff, sharp 
spines. We have already seen that exte- 
rior integuinent assume various forms in 
other orders and classes. We have seen 
it in a highly developed state in birds, 
where the hair is metamorphosed into 
feathers for progressive motion, in conse 
quence of the extent of superficial respi- 
ration in that clase, We sce it meta~ 
morpbosed into quills of a large form in 
the porcupines, and scales in the manis. 
Here it is in the form of spines or bristles, 
for defence and concealment. Where you 
find that kind of covering spread over the 
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skeleton presents some characters of! 
affinity with that class, in the parts con-| 
nected with progressive motion. Like 
other insectivorous animals they devour! 
the eggs and the young of birds, and the! 
smaller quadrupeds and birds, fruits, in- 
sects, and worms. They seek not, like the 
former order, thcir food on the earth, but | 
they pursue the insects through the air, 
and seize them while upon the wing, as 
they take the fruits from the trees, and not 
after they have fallen. They seize the 
young birds while upon the wing, or in 
their nests on the summits of trees, or 
cliffs, or buildings. They take the eggs of 
birds as well as the fruits of trees, so that 
they have the same mixed kind of food 
as the insectivorous quadrupeds without 
wings. 

‘Thus we find that nature has not given 
to any animals, whether in the air, or in 
the waters, or in the earth, a means of| 
perfect security. The insects are not 
safer, flying aloft through the thin air 
even by night, than they would be were 
they concealed under the solid ground; 
nor are they safer under ground than they 
would be perched upon the trecs, or 
buried in recesses under the bark, or con- 
cealed under the fur of quadruped 
‘Nature has everywhere provided animals 
to find them out, to pursue them throug) 
all their windings and recesses, and or- 
ganized them to feed only upon such kind 
of food. The cecum-coli is almost always 
much more developed than we ever find it 
in the inseetivora. We sce the necessity 
for the consumption of those innumerable 
hoards of insects that prey so extensively, 
both uponthe vegetable and animal worlds. 
‘When the produce which the husband- 
man expects as the reward of his industry 
is beginning to rise above the ground, 
when the germinating grains are shooting 
down their tender radicles and roots in 
quest of nourishment into the earth, those 
sources of nutrition, growth, and life, are 
nipped and consumed by myriads oflarve, 
which are carefully deposited underground 
for that Purpose by the parent insects, and 
‘unless there were animals like the moles 
and other insectivorous quadrupeds con- 
structed for perforating through all the in- 
terior of the soil, and feeding upon those 
destructive insects and worins, it would 
be difficult to conceive a means by which 
the grain so necessary for the main- 
tenance of man, and of the animals the 
‘most necessary and useful to man, could 
be protected and matured. Many animals 
besides quadrupeds, we find, busied in 
consuming those noxious vermm. We 
see the crows and rooks and other om- 
nivorous birds, in hoards, sometimes so 
{reat as to darken the atmosphere, alight- 
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ing often upon the tilled and newly 
planted ground, and feeding upon those 
lestructive larve and insects which 
would otherwise consume the newly-sown 
seeds and the shooting plants. The in- 
sects that commit their depredations by 
night above ground, whether on the sur- 
face of the earth or on the loftiest trees, 
have myriads of nocturnal winged quad- 
Tapeds organized and enger to destroy 
them. 

Thus we observe the first modification 
of the skeleton of these cheiropterous ani- 
mals, to adapt them for progressive motion 
through the atmosphere. You have al- 
ready seen that the pterodactylus among 
the reptiles used its arms for flying through 
the air, and had one of the fingers re- 
markably developed and lengthened, which 
together with the whole arm, was provided 
in the living state, apparcutly, with 
membrane that passed continuous from 
the hand to the posterior extremity. In 
birds you have seen, that it was the 
arm that was used to strike the atmo- 
sphere, and to carry their carcass through 
its attenuated strata. We observe that 
this anterior member is used in the chei- 
roptera ax the instrument for progres- 
ive motion through that clement. This 
forms the most important modification of 
rhe skeleton; the great development of the 
arm, and principally of the hand, adapts 
it to serve as a wing to carry such quad- 
rupeds through the air. 

It is obvious, however, that the bat is a 
quadruped formed upon the plan of or- 

inary quadrupeds, and not having the 
‘means of transmitting, from the cells of the 
lungs, air through ail the bones of the 
body, so os to render them light like air- 
tubes—not having the cells of its lungs 
extended into the cavity of the abdomen, or 
coming ont into the axilla and other ex- 
ternal parts. It required to have the 
posterior parts of its body as light as pos- 
sible, that the anterior extremity might 
have less weight to drag through the at- 
mosphere. It is thus that you observe 
all the proportions of the bones and 
muscles of the anterior part of the body 
much more developed than in the pos- 
terior part in the cheiroptera; that 
the arm, the hand, the head, the thorax, 
are large, while the lumbar region, the 
pelvis, the legs, and feet, are very small; 
proportions the reverse of what we have 
seen in many other quadrupeds, as in most 
of the rodentia, in the kangarocs, and in 
other animals, 

‘Now thearms of these cheiropterousani- 
mals are developed to form an instrument 
of progressive motion, very different in its 
nature from that of the bird. ‘The organ 
which the bird employs to strike the thin 
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atmosphere, and to carry its bulk through 
the air, is not bone, nor muscle, nor skin, 
but chiefly developed hairs or feathers, 
containing themselves great quantities of 
air in their shafts and their cellular tex- 
ture, and being of a light, elastic, and 
dense texture, on their exterior parietes. 
This is not at all the structure of the wing 
of the bat; bones and muscles and mem- 
brane, and not light feathers, form the in- 
strument that the bat employs in its pro- 
gressive motion. Its hair, in fact, is less 
developed than it is in ordinary quacru- 
peds on these anterior extremities. Here 
it would have been an impediment to the 
motion of the arm to have covered it with 
a thick coating of wool or long hair, such 
as that which covers the rest of the ody. 
It has, therefore, a hand, still constructed 
entirely upon the ordinary plan of the 
hands of mammalia, but varying some- 
what in the proportions of its elements as 
to length and thickness. 

‘Now, in the different regions of the skele- 
ton and the separate bones of the cheirop- 
tera, we observe that the head has gene- 
rally a lengthened and tapering form, and 
that this, produced by the great develop- 
ment of the upper and lower jaws, affords 
a considerable space in those jaws for the 
insertion and support of numerous tuber- 
culated insectivorous molar tceth. They 
have, generally, long and sharp canine 
teeth, both above and below. ‘There is, 
generally, a vacant space in the front of 
the upper jaw, and the intermaxillary 
bones have only a partial development. 
Sometimes they are only soft and cartila- 
ginous; and since this is the case with the 
alveoli of the upper incisors, those teeth 
are very unstable and deciduous, Such 
being the case, nothing is more difficult 
than to determine the true adult dental 
formula of the cheiroptera. But in this 
vacant space in the front of the mouth, 
and in the separation of the palatine 
ones, you observe a further affinity to 
birds, which have large palatine fissures, 
Here the eyes are but small, and the or- 
bits communicate, and are perfectly con- 
tinuons with the’ temporal fosse, as in 
carnivora, but with very feeble zygomatic 
arches. On the back part of the cranium 
the parietal bones are observed carly to 
ossify, early to mect, and early to anchy- 
lose, so as to form a continuous arch over 
the hemispheres of the brain, as in most 
animals where the temporal muscles are 
powerful. This we saw in the carnivo- 
Fous quadrupeds, where the ossification 
also proceeds very rapidly throughout all 
parts of the ekeleton, The parietes of the 
skull in the cheiroptera are generally thin, 
smooth, and diaphanous, corresponding 
with the shallow and few convolutions of 
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!the hemispheres of the brain, which, by 
| theirlimited development backwards, leave 
ithe cerebellum uncovered behind them, 


and we have already seen those cranial 
bones present this character in edentu- 


Hous insect-eating quadrupeds, and in 


birds with smooth hemispheres of the 
brain. The orbits are as imperfect as in 
any of the carnivora, and the eyes of bats 
are very small, although these are noc- 
turnal animals. ‘They are much guided 
in their motions by sensations received 
through their large ears, and the great 
cutaneous development on their wings, the 
head, and the trunk. In the pteropua, 
however, the orbit is surrounded by a 
complete osseous ring. Iu the rhinolo- 
[phus, the small intermaxillaries are soft 
‘and cartilaginous, and contain each but 
one incisor tooth; and in the nycteris the 
intermaxillaries are united by a moveable 
articulation to the upper jaw-bones, like 
the moveable face of many birds. There 
is great diversity in the number and 
characters of the teeth in this order, and 
in the extent of their carnivorous or 
frugivorous habits; but they have all 
the three kinds of teeth—incisors, canine, 
and molar teeth, and the molares are 
covered with a continuous layer of enamel. 
‘The incisors above and below are re- 
markably grooved, and striated longitu- 
dinally in the galeopitheci of the Indian 
Archipelago, which feed both on animal 
and vegetable food. 

‘The cervical vertebrae admit of consider- 
able motion backwards and forwards in 
the bats. ‘They are proportionally strong 
in their processes, and moved by strong 
muscles, which ‘corresponds with the 
general great development of the an- 
terior half of the trunk, compared with 
the small and light posterior part. ‘There 
is a large part of the vertebral column 
you perceive in this skeleton of the rkino- 
Tophus from the catacombs of Paris, be- 
hind the last ribs, where there is great 
mobility—the region of the long, narrow, 
compressed, lumbar vertebre. The pelvis 
has a lengthened form, with the iliac 
bones often anchylosed to the sacrum 
and to the pubie bones and the ischium, 
The pubic bones pass straight and con- 
verging downwards to the symphysis, 
and approach sometimes in their open 
detached form to the pelvis of the birds. 
‘The coccygeal vertebra also are some- 
times lengthened individually to a great 
extent, and compose a long tail, and 
sometimes the tail is very short and 
almost wanting. When these coccygeal 
vertebre are extended in this manner to 8 
great length, as you see in these skelctons 
of the pteropus and rhinolophus, and many 
other genera, they are employed to sup- 









































aH 
by? 

i : 
if 


ben 
s that connect the 4 


Hae 
el 
i 
ai 
ii 


a 4 
i 
HE 





5 
i 
ie 
i 














18 PROFESSOR GRANT ON THE OSTEOLOGY 
Jy this mechanism constructed like # long! Fy - 


app! 
the little toc to din walking. 
esting tho fot of te monkeys on: 


always the outside 
ry 

‘Twisting the 

wards to be applied fint to the ground, in 

the manner act 


‘MAN forms alone the highest order of] 
Highest slats ef He anes Kingdon, 
on 


i 
ls 
i 
: 





a 
i 
Hi 


H 


aE 
ris 
i 
i 






‘the | form: 

than in the Inst order of 4 
‘excopting in the | condyle of the lower jaw 
nei, whore the projection of the jaws| and convex, and the Hinsley 
and the receding of the frontal | reception is deeper. The nasal p 


j 
i 
: 
} 





























26 SIR C, BELL ON THE TEETH, 


the whole of the teeth take a . 
ANATOMY AND PHYSIOLOGY. |}7,the balyrtssn you se the 
LECT URES . ent hte ul ap rench 


MEOSTRATED BY TUE 7” 
HUNTERIAN PREPARATIONS variety of a 
IN THE MUSKUM OF THE ROYAL couLnox |Tiety Of places in the: 
‘OF SURGEONS, LONDON. thove organs 


Delivered at the College in 1893, by 





pp ee gees ST 
THe TEETH. with the design of the whole skelotan, ox 


ENTLEAES, When we recollect how thus the tooth are 
siniroy El oiexmes aceon eo ve wus] UN Vit Re th of the 






































OF THE ARTICULATED CLASSEs. 291 


in different dircetions, the whole body. these maxilla are moved by very power~ 
You will observe, also, that at the ante- ful niuscles (Fig. 125, 6;, forming the 
rior part of the body ‘there are distinct large lohed mass ot the meuth. You will ob- 
ronnd ligaments passing towards the base serve that at each side of the maxilla thera 
of the cirenlar muscular masses (ig. 126, is a Iarge muscular apparatus forming a 
lobe, and forming thus two great muscolar 
masses, which appear to be destined solely 
to move the transverse jaws. Theso 
unaxillx, from their density, are capable 
of bruising the soft and minuter forms of 
animalcules upon which the animal feeds, 
There are also strong muscles (Fig. 126, ¢), 
‘disposed so as to retract the whole of this 
‘oral apparatus further into the body of 
these varions wheel-animalcules, as you 
‘ee reprevented in these enlarged views 
P of Ehrenberg. 

Jn this minute transparent wheel-ani- 
‘maleule, the Aydatina sexta (Fig. 126), you 
observe a complex internal organization: 
accompany ing its high muscular develop 
ment. There are 7 muscular lobes (a) 
for the motions ef the cilia (/) around the 
mouth. The whole muscular appatatue 
(2) of the maxille and the mouth are re+ 
tracted by longitudinal muscles (e) which 
pass obliquely backwards, and the whols 
hody can be forcibly retracted towards the 
tail by several logitudinal bands (d) of 
muscular fibres extending the entire 
length of the |. ‘The large supra- 
‘esophageal ganglion (0) is accompanied 
hy other four ganglia around the cesophas 
gus, and abdominal nervous filaments (p) 
are seen extending longitudinally on the 
inferior surlace, as in other articulated 
classez, The narrow oesophagus (9) leads 
to a long and capacious stomach or diges- 
tive canal (A) containing numerous minute 

Icules, species of navicule, and the 
anus (i) opens at the dorsal surface of the 
body. The longitndinal dorsal vessel (¢), 
as in most articulate, follows the ine- 
dian line, and gives off nunicrous lateral 
branches in ite course. ‘Two glandular 
sacs appear to pour their secretions inté 
the cesophagus or mouth, as the liver of 
crustacea into the pyloric end of their ca- 
pacious stomach. The two ovaries (#) 
'forin large lohed organs on each side of 
|the stomach, and open by one orifice into 
ithe cloa:a, behind the rectum, and two 
a), at the free or anterior extremities of | long, uarrow, glandular sacs (/), considered 
which circular or spherical lobes, are dis-;28 male organs, pour their secretions into 
poxed the little vibratile cilia (Fi. 126,|a large membranous vesicle (n) placed 
J). Those ligaments serve to keep in’ behind the cloaca. 
place the moving vibratile organs, and' Thus you perceive we derive, even from 
the globular party themselves arc the’ the muscular system of those very minute 
ncles which are considercd as subser -| beings, the rotiferous animals or the whe 
vient to the circles of vibratile cilia.;animalcules, a further reason for placing 
Those animals, as we observe, are pro-'thein higher in the scale of animals than 
vided with strong mandibles, a single! they are generally allowed to occupy. 
pair, one on each side, but presenting nu-{They move rapidly through the waters by 
merous parallel teeth, which give a ser-;the rapid vibrations of those circles of 
rated margin to the whole of the jaw;/cilia disposed on the anterior part of their 
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pendices developed from the last seg- 
ment, and also from the first, exhibit an 
articulated tubular structure, enclosing 
the motor mnscles, ‘Those parts are not 
only moved at their base by muscular ap- 
paratus, but they have, distinctly, in their 
interior soft parts, which alone appear to 








have influence on the motions of these p 


jointed members. This leads us gradu- 
ally to the condition of the inuscular sys- 
tein in articulated classes with articulated 
members, where those jointed members 
have assumed such large dimensions, that 
we consider these classes as constituting 
one great and distinct division extend 
through the myriapods, the insects, the 
arachnida, and the crastacea. But’ you 
observe that all those annclides are sux- 
ceptille of most extensive and rapid mo- 
tiou, both when creeping npun asolid sur- 
face, pd when swimming freely in the 
water. They move in the water by the 
serpentine amotione of their whole borly, 
protnced by the combined actions of ali 
the muscles of the segments. They move 
in the water also hy extending and com- 
manicating rapi:l motion to those long 
lateral bristles which are sheathed in 
muscular fasciculi, ancl then serve them, 
like the legs of & myriapod, in motion 
vpon the gronnd; they servo the fanction 
of these articulated members. although 
they possess a much simpler structure of 
solid bristles. 

Thus we sce that those articulated 
hers of the articulated classes are 
developed by thir gradually enclosing 
the tauszular substance, in place of their 
Being continually surrounsled by it, as in 
tha lowest of the helminthoid chsses, 
whore tho general arrangement is to 
have tho muscular system disposed on 
their outer surface, like a fibrous irvitable 
sheath around the hase of the several sete 
which extent solid from their sites, 

In the common earth-worm the longi- 
tndinal layers of muscles are placed, a8 
usual, within an exterior transverse series, 
which lie chiefly on the line of junction of 
the seginents, an: within a middle layer 
consisting of obliqne fibres. ‘These longi- 
twliaal muscles are chiefly confined to the 
dorsal and ventral surfaces of the hoy, 
wherethcy formlayers extending the whole 
Jength of the bosly, ‘The muscular sheaths 
‘of the fect, for their extension and retrac- 
tion, consist chiefly of radating fibres 
which extend from around the base of 
these hollow spines. The lips of the 
mouth are also provided with numerous 
civealu and longitudinal muscles, speci- 

ovfite.| fo: their varios move- 
meats, and the anus is proviled with ¢ 
tinct levater an} sphincter muscles pro- 
czeding in a radiating and ina circular 







































































§ those muscular fibres 
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manner around that orifice. There is thus 
great uniformity and great simplicity in 
the general disposition of the muscular 
system for progressive motion, in these 
Helminthoid classes of articulated animals, 
from the elastic filiferm entozoa to the 
most clevated of the anelides; and the 
cipal differences they present are mo- 
difications dependent on the development 
of various appcuslices from the sidew of the 
segments, and on the consolidation and 
regular limits and articulations of these 
seginents throughout the bod 
‘On looking at the general disposition of 
‘thin the soft rings 

or segmouts which still surround the anne- 
ides, we find that they form a tunic, which 
appcars to consist merely of a simple layer 
of irritable substance. ‘The more vonsoli- 
lated the rings, the more distinct is the 
fibrous and muscular appearance, the 
nore yegular the origins and insertions 
of the imusculsr fibres and fasciculi, and 
with themore precision and eifect do they 
act upon those rings. We do not observe, 























in the higher condylopodons articulate, 
those muscles passing across several sug- 
ments, un'l inserted into a third or a fourth 






fied in vertebrata, a8, for in- 
stance, in the case of the intercostal mus- 
cles of the serpents, which give a very ex- 
tensive motion to the ribs of that verte= 
brated class of animals; and s.rve there, 
as in the articulata, for progressive morion. 
Here, in the insects of Linnwus, each seg- 
ment appears to have a musewlar appara 
tus, almost in every respect like the seg- 
ment which suzceeds and precedes it; but 
that can scarcely be yet expecte:l or traced 
in the annelies, where this symmetry is 
not yet completely established. We sce it 
most distinct in’ the frmer articulated 
animals, where the exterior integuments 
have acquired much greater density, bath 
from the chitine and Irom the phosphate or 
the carbonate of lime. Now by the sama 
means that the naked carth-worin moves 
through its tube in the soil, the tubiculoua 
animal moves upwards and downwards in 
the tube it inhabits or secretes; it is by 
the motions of those lateral bristles which 
it secretes, extending from the sides of 
its body through small apertures, like the 
spirales of insec 

In the myriapods, as in the worms, we 
observe 2 remarkable equality in the de- 
yelojment of the seguents, from the first 
to the last; and there is xon:e uniformity 
even in the number of the segments; but 
th2 character which we observe here, 
marking an inferiority in the myriapode 
among the artivalsted auimsls with arti- 
culated members, and marking the re- 
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LECTURE XXXII. 
ON THE MUSCULAR SYSTEM OF THE 
‘MOLLUSCOUS CLASSES. 

Tar gener 
kind of motions it performs, vary more in 
the molluscous than in the articulated 
classes of animals, and we observe a cor- 
responding diversity in their active organs 
of motion. In the articulated classes we 
can distinctly perceive the principles ac- 
cording to which the muscular system is 





modified and changed, and that the gene-! 


ral plan remains throughout those tong 
cylindrical animals eaventially the same; 
but in the molluscous classes there ap- 
pear much greater variety, diversity, and 
want of syminetry, in the whole muscular 
system; and although a uniform plan can 
‘be occasionally traced through numerous 
distinct forme, yet there are other forms 
Of the active organs of motion belonging 
to this division which appear at first dif 
ficult to be reduced to a common type, or 
to be reconciled with each other. Many of 
the lower mollusca, as these boitenie and 
clavelina, are fixed by long peduncles at 
the bottom of the sea; some, as the Hi- 
maces, creep on the surface of the dry 
land; the pteropode awim at the surface 
of the ocean, where the janthine hang 
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form of the body, and the! 


suspended by floats; the naked cepha- 
Jopods bound from the surface, and the 
pholades are fixed deep in cavities of rocks 
at the bottom; the oyster is fixed to the 
‘rock, while the clam skips to and fro by 
the flapping of its shells; the pinna is an- 
chored to the bottom by its strong byssus, 
while the cardium swims along the sti 

surface, suspended by its concave ex- 
panded foot. So that, although none of 
these animals have wings to fly through 
the air, or jointed legs to creep upon the 
land, or spines to oar them through the 
sea, they possess the means of almost 
every kind of motion, from the vibratile 
cilia of the fixed corals to the hands and 
feet of the finny tribes. 

‘Notwithstanding the soft and gelatinous 
appearance of most of the tunicated ani- 
mals, resulting from the want of calcare- 
ous matter in their exterior covering, we 
observe their muscular system to be dis- 
tinctly fibrous and highly irritable, a de~ 
velopment corresponding with that of 
their nervous system, which already pre- 
sents ganglia in the lowest compound or 
aggregate forms of these animals, as in 
the Bofryliue and the pyrosoma. The most 
active and constant motions of the tuni- 
cated animals, which are alike performed 
by the compound and the simple kinds, 
are those by which currents of water are 
directed into the respiratory sac for the 
aeration of the blood, and to bring food to 
the mouth which is placed at the bottom 
of that sac. These constant incurrent and 
excurrent streams here, as in the con- 
chiferous animals, are produced, not by 
motions of the ordinary muscular or elas- 
tic coverings of the body,—for while these 
currents continue with smoothness and 
regularity inwards through the branchial 
aperture, and ontwards through the anal, 
you perceive that the animals remain fixed 
and motionless in every visible pai 
by the rapid vibration of minute cilia di 
| posed around the meshes of the numerous 
'yespivatory lamin on the interior of the 

general sac. The same vibratile organs 

which we saw in the minutest polygastric 

|auimalcules, and in the most plant-like 

forins of zoophytes, continue through the 
“L 
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between the parts of the arm and of the 
hand, we perceive also that many of the 
muscles have received no development ; 
and that we can acarcely perceive a trace 
of many of those of the fingers. The 
muscles, however, on the fore part of the 
trank are here large and powerful, those 
both above the scapula and below it; and 
we perceive that the, pectoralis major 
acts powerfully on the humerus, and 
the trapezius, the rhomboideus, the sub- 
scapularis, and the supra and infra spi- 
nati, act powerfully on the expanded sca- 
pula. We perceive that these fin-like arms 
are provided with that particular muscular 
apparatus which is best adapted for mov- 
ing them, as an undivitled organ, to give a 
more solid impulse to the water, directing| 
their motions, balancing their body, and 
fercing 8 through the deeps that prox 
gressive motion, however, is chiefly ef 
by the horizontal tail. Some of| 
those animals which feed on plants, have 
the muscles, particularly the flexors of the 
fingers of the hande, much more developed 
than you see in the blowing whales. This 
in the case with the Imantines and with 
the dugongs, which can climb with the 
hands upon rocks, #08 to bask in the rays 
of the sun, like serls among the carnivora. 
Indeed the transition is gradual from the 
form of the muscular apparatus of these 
herbivorous cetacea to that of walruses, 
seals, otters, beavers, and other diving 
mammalis, ond ‘From these to tho true 
Serresrt speciea. 7 The cstaces like the 
fishes, amp! erpents, consist 
chiefly of the trunk, Sod by its muscles 
they are supported and moved in the 
heavy element they inhabit; but the 
Jand’ quadrupeds require stronger inem- 
bers and stronger muscles to support and 
move their heavy trunk in the light and 
unresisting clement which they breathe. 
In the herbivorous quadrupeds tho mus- 
cular energy is generally less than in the 
carnivorous species, and this accords with 
the inferior development of their respira- 
tory and nervous systems, and the di- 
minished activity of all their functions. 

In the ruminating animals, from the 
still extremely simple structure of their 
extremities, many of the muscles which 
are developed in the extremities of carni- 
vorous quadrupeds are entirely deficient, 
and from the small number and little 
flexibility of the toes, we observe, for in- 
stance, that the flexor and extensor mus- 
cles, which send down numerous tendont 
to the toes of carnivors, have here those 
tendons necessarily reduced in number, 
from the reduced number of the toes; and 
this is more remarkable in the solidungu- 
Jous pachyderma, which walk on the point 
of a single toe. 
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In these heavy quadrupeds, the exten- 
sor muscles of the legs have generally a 
greater development than the flexor mus- 
cles; and this epplies to moet of the pa- 

chyderma. Many of them, destined 
consume vegetable matter in great eae 
tity, have the trunk of their body pro- 
portionally large, and presenting con- 
siderable weight for the pillars that 
are to them. There 
fore, © constant call on the extensors 
of the extremities of those animals, for 
the mere support of the heavy trunk. 
The body, however, being supported in 
the horizontal position by four 
much of the pressure is taken off from the 
posterior extremities, which we see ap- 
plied to them in the climbing quadrupeds, 
and most in the semi-erect quadrumana 
and the erect forms of our species. The 
muscles of the hands and feet, with their 
long slender tendons, in the deers and 
nimble antelopes, are like those of hirds, 
with their fleshy portions confined to the 

roximal parts of the extremities. They 
Lar  atriking contrast with the muscu- 
lar hands and fect of the carnivorous 
species, and both structures are equally 
adapted to their objects. This structure ia 
the more easily effected in the legs of the 
light-footed raminantia, from the shost- 
ness of their proximal bones and the 
lengthening of their canon-bones behind 
and before, slong which the tendons of the 
flexors and extensors are braced to the 
toes. 

There are no clavicles to the 
humeri fr the ruminantia nor in the pa- 
chyderma, and the trunk of the body is 
suspended between the scapale by the 
strong serrati muscles, like a band passing 
across beneath the chest. ‘Those muscles 
serve to connect the two scapule with the 
fore part of the sternum and ribs, and are 
often attached so far forwards as to reach 
several of the transverse processes of the 
cervical vertebra. These form the chief 
connexion betwixt the scapul, and con- 
sequently the arms and the trunk of the 
animal, and serve to hang the fore partof 
the trunk to the scapula. Now the sca- 
pul are here brought very close to each 
other on the fore part of the chest by the 
want of clavicles, and the chest is thus 
narrow and compressed, aca- 
rinated appearance in front. ‘hus the 
anterior extremities are by this means 
brought as nearly as possible under the 
centre of gravity, 20 as to support with 
more security the whole of the fore part 
of the trunk by the serrati mascles in these 
heavy vegetable-eating quadrupeds, 

‘We observe that many of those rumt- 
anting quadrupeds have the head provided 
with very powerful horns, as organs of 


MUSCULAR SYSTEM OF MAMMALIA. 


efence, and supported by s neck, thick, 


trong, and muscular. ‘This muscular- 
‘the neck occurs partly in conse- 
quence of the increased weight of the 


head, and partly from the use thatis made 
of those organs aa, 9 means of 
defence. We see it in the bison, in the 
buffalo, in the bull, in the gnu, and in 


many other animals which use thove or-| here len; 


gans as 2 menne of defence. The same 
tmascularity is observed in many of the 
larger veel derma, from the great weight 
of tho teeth, or taske, or proboscis, or 
horns, or the neral mass ef the head 
itself. Most of the herbivorous quadru- 
peds have the muscles of the ears, the 
‘attoliens aurem, and the anterior and pos- 
ferior euris, powerful and large, to move 
those organs im different directione, so as 
ta be mate aware of dangers as much as 
posible before they approach. We per- 
ceive among them, av among séveral of 
the sotidengulows repens ‘that the 
exterior concha ant 

‘sn enormous pears 
to ‘they 


themselver emit, and with the imperfect 


Toped av in carnivore quadrumana, and 
From the lengthened 
form of the face ia many of these guna. 


peds, grass, 

mascles of the nostrils and the lips length- 

ned and enlarged, asthe levator, the de- 

rosso, and the zygomatic muscles. 
enMany of the | aa the 

thinoccros, the hippopotamus, end. the 

elephant, which have the skin 20 remark- 

ably thick and inflexible, that in order to 

move it rapidly, large 

required to be oraopritad to tat uae, 

to be elimont destitute of the pan. 

‘The thickness of their 





merous insects which infest the bodies 
of many of the more delicate-skinned ra- 
minating mimels. It is thus that we ob- 
serve a great difference in the develop- 
ment of that cutaneous muscular appara~ 

tus in cilferemt focus of pach rasreme: 

some we cannot see it ped at ath 
and in others it acts on the humerus and 
‘on the femur. 

+ We perceive, from the magnitude of the 


espe- 
hoofe upen the feet, by which ¢! 





‘tusks of the en 
quently makes of 
ics teeth, that 


‘that several other of the pach; 
have tho nove tong, maceuty end oni 
ble; this we see in the tapirs and the 
‘coati-mondis. The boars and pecaris re- 
quire the muscles of the nove to be strong, 
on a different account. have 


enabled to scrape the gtownd in 
sweculent roote, on whic they feed; but wa 
observe that they dig chiefly by that large 
fruncelated cartilaginous disk which tora! 

nates the septam of the nove. We have 
already seen that the septam of the neve, 
at ite extremity, is ossified, forming « die- 
tinet bone, which gives support to the 
upper dense cartilaginons part, which 


i 


the muscles of the nove, especially the leva~ 
tor ale nasi, to be strong and large, and 
that their neck should be thick, short, and 
be | muscular, to give force to the digging in- 
strument. These muscles are also power- 
fal in the long fleible nose of the Kap. 
The magnitade of the {isc bones 
wrhicl we have’ seen in many 
pachyderma, gives a bi 

not only to the extensors of the femur 
without, but also to the lacus éxermen 
and the ua hemborune, 

nitude of all the muscles of their femur 
para- | corresponds with that of the muscles at 
in|tached to the surface of the scapula for 
the motions «f the humerus, In the 
lighter forms of herbivora the pelvic aad 
scapular bones and the mascles attached 
to them nre alike lengthened, .and theie 
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the food that is within the reach of their| 
long arms and their long neck. ‘Thus we 
observe, that by this languld irritability 
ofthe muscles of their extremities, they are 
ifted with a means of more securely, a 
for a longer time, holding by the branches 
from which they are suspended, to collect 
their leaves, and buds, and shoots. 
Among the rodent quadrupeds we ob- 
serve many curious analogies with inferior 
classes of animals, and particularly with 
the next inferior claas, the class of birds; 
those we see in the skeleton, in the ner- 
ous system, and in many other parts, even 
in the glandular system. Now itis remark- 
able to observe that there is even some 
affinity in the living properties, and the 
general condition and forms, of the mus- 
cular system, The pterygoid muscles, s0 
large and important in the feathered 
tribes, act here powerfully on the lower 
jaw, in giving it the horizontal motion we: 


ve already seen to be large also in birds, 


-and to correspond .with the magnitude of 


the pterygoid bonés or processes of the 
aphenoid bone. Those muscles act in the 
rodentia also, not only with considerable 
force, but with great velocity. There is 
scarcely a quadruped in any other order 
which can be compared, for the velocity 
of all its muscular motions, with those 
of the order rodentia. You can scarcely, 
with the eye, follow the rapid motions of 
the lower jaw in therodentia. While it is 
fling down some hard substance, it re- 

inds us almost of some of the vibratile 
cilia of the water-breathing classes of in- 
ferior animals. This velocity of motion 
end it ts accompanied with strength) wo 

ind to be common to them with many of 
the movements of birds. We sec the flut- 
tering of the wings of the humming-bird, 
for instance, 80 quick as to be almost im- 
possible to follow it. ‘The humming-bird 
Suspends itself in the air over the open 
flowers, with its long slender tubular 
beak lnsinuated into the flower. | And 
covering, with their sbining myriads, like 
polished’ metal ‘or precious geme, some 
Of the tropical woods in South Americe, 
where they chiefly occur, you would sup- 
pose they were hung with a string above 
the flowers; for they do not grasp the! 
flowers—no part of them touches the 
flowers but the extremity of their long 
curved beak. When you approach them 
yon see their little wings in a rapid 
and continued vibration, and they are 
thus engaged over the flower in suck- 
ing the honey from its interior. Now, 
the rapid motion I allude to we see 








again in the muscular motions of the in- | m 


sect tribe,—a remarkable analogy with 
the muscular properties in birds and ro- 
dent quadrupeds. 


‘We observe in these rodentis, as in 
the inferior classes also, that the respi- 
ratory organs are proportionally lange. 
Thely large ‘muscles are-often peal white, 


ind | like those of the birds, which little exert 


them, and have less blood consequently 
sent through them. Many of the ro- 
dent quadrupeds are digging animals, dig- 
ging for their food, or for safety under 
ground. This digging motion requires 
them to move forcibly and quickly the 
fore-arms and the bi from before back- 
wards, amotion which calls into play very 
powerfully the muscles of the shoulders 
and of the wrists, and especially the pec- 
toral and the deltoid muscles. The pec- 
toral and the deltoid muscles are those 
which we observe here developed to a 
great extent, as they are developed in the 
birds, to move the humerus, to bring down 
the wing, and raise the inflated carcass of 
the bird, like a balloon, into the atmo- 
sphere; thus we see those muscles of the 
arms large in many of the burrowing ro- 
dentia, Even the vital and physical pro: 
perties we observe to vary romania ly 
the muscles of rodent qt 5, as they 
do in the muscles of birds. 

In the marsupialia we observe animals 
possessing very different living characters, 
and differing altogether in their kinds of 
food and their whole habits. In the car- 
nivorous species, as the dasyuri, we per 
ceive altogether the muscular develop- 
ment for the motion of the lower jaw, for 
the claws and feet, for the arms and trunk, 
and the whole frame, which we see in the 
true carnivorous order of higher quadru- 
peds, We have burrowing forms in the 
wombate, flying species in the petauri, 
climbing species with prehensile tails in the 
opossums, scraping insectivorous quadru- 
peds in the perameles, and jerbos,—forms 
almost ruminating, in the . But 
the muscular apparatus of the pouch and 
of the mammary glands and the nipples, 
is common to the order. We observe the 
pouch to be embraced externally by the 
pannicalus carnosus of the abdomen, the 
muscular fibres of which serve, by their 
extension over the abdomen and the pouch 
to the symphysis pubis, to contract that 
cavity 0 as to embrace the newly-received 
young, and to pers. them while they 
‘aro suckling. The two marsupial bones 
‘which we have seen, are in close connexion. 
with the exterior portion of the recti 
muscles of the abdomen, as they are also 
in the monotrema, and are, therefore, en- 
tirely behind the posterior layer of the 
integument of the pouch and the mam. 





organs. This muscular apparatus 
lof the pouch of the marnopiain is exterior 
'to that which is destined for the compres- 
sion of the mammary glands, and for the 
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quick amd extensive respiration of those 
carnivorous animals. It is connected not 
only with their extensive respiration, but 
with the whole muscular energy of their 
system, and it is connected with the distance | 
which ‘there is between the heart and the 
diaphragm. The inferior cava, after per-! 
forating the diaphragm in the human! 
body and in the higher quadrumana, is! 
found to enter almost directly the right! 
auricle of the heart, so that the heart lies 
upon the diaphragm; but as you 
pass down in the quadrumanous animals 
to the muscular and ferocious baboons, 
mu find the diatance increases by the 
lengthening of the inferior cava above the 
diaphragm, Now this you observe to give 
rise to a greater freedom in the action of 
the diaphragm, and especially where it is 
most required, in those powerful animals 
the carnivorous quadruy We a 
in them often acting with great 
and force, without interrupting or 
the free motion of the heart. 
Among the insectivorous quadru 
we observe the hedgehogs oer | 
ternally with spines like those of the 
echidna, and analogous to the scales! 
which we see covering the armadillos, and 
to the manes or quills of the porcupine. 
Now in the hedgehog the panniculus 
carnosus is nx large for the bulk of the 
animal as itisin any other quadruped, It 
covers, like a mantle, the whole of the 
upper part of the trank, and around its 
circumference there are circular fasciculi 
of bres which act like sphincter muscle 
when the parts are inclostd. When the 
animal withdraws ite head its extremities 
and its tail close under the abdomen, the 
pannicolos carnosus, thus drawn towards 
the whole fore part of the body, is con- 
tracted in front by means of the strong 
marginal sphincter band; so that all its 
are inclosed as in a spiny purse, It 
Eby ‘the action chiefly of the humerous 
dorsal fascicull radiating from this pan- 
nicuins carnosus, that the animal uncoile 
{tself, because the panniculus carnosus 
acts by detached portions on the head, on 
the back part of the trunk, on the skin; 
and this mantle appears to be con- 
nected with all the living conditions of 
tho hedgehog, and also with its hyber- 
nating habits. Animals which burrow in 
the earth like the mole, have a more 
equable temperature, as we know the 
temperature to be more equable under the 
ground or under the water than it is upon 
the surface. ‘The mole also finds a con- 
tinual supply of food, in winter as well as 
summer, under the ground, in the worms, 
or the of insects which survive se- 
veral summers and winters, and in the 
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caterpillar state, which they preserve for 
years, alike during summer and winter, 
Insects, indeed, pass the greater part of 
' their life in this voracious and destructive 
worm state, they only assume the perfect 
imago state for » moment, to propagate 
andto perish. The mole requires, there= 
fore, no particular provision for hyber- 
nating, till its food returns in spring. But 
the hedgehog lives mostly upon the sorface 
of the ground, and gets its food In the 
forests among the roots of trees, and 
the crevices of rocks, or the banks of 
waters. When the cold winter sets in, 
and the animal becomes numbed, its re- 
spiration is for long intervals suspended, 
and its functions are ed with great 
languor ; its insect food is gone, and it 
shrinks under some rock or among roots 
of trees. We however observe that it 
does not burrow under the ground like 
le, otherwise it would require no hy- 
bernating habits for its winter protection ; 
but it coils itself up into a ball, is ob- 
served to creep into collections of leaves 
or some such matter, perhaps, to roll itself 
up between two rocks or among the frag- 
ments of branches of trees, and thus to 
pass in that protected state the severest 
months of winter, with its erected spines 
covered over with adhering leaves or 
grass, or other bodies which serve further’ 
to conceal it. ‘The arms and hands of the 
moles, in all their solid parts, and in thelr 
muscular apparatus, are the most perfect 
digging instruments presented by animals, 
and from the advanced position In which 
the humeri are fixed, by the clavicles, al- 
most under the head, sil the adductor 
muscles of the arma, whichare pally, 

bane 


exercised in digging, act with 
vantage and force. 

‘The cheivoptera aro quadrapeds with the 
arms organized-for Aight, and as most of 
them are us, we observe those 
muscles to be most powerful, which move 
the humerus and which elevate the lower 
jaw. Their head approaches often close- 
ly to that of carnivorous animals. The 
muscles disposed around the mouth, and 
those of the jaws, are here strong and 
well marked. The muscles of the nose 
also, and frequently the muscles of the 
ears, the muscular apparatus of the ch 
connected behind with the exterior an 
interior surface of the scapule, and with 
the whole anterior part of the 
are large and powerful in the bats. The 
muscles of flight act chiefly upon the hu- 
merus, a comparatively strong bone. The 
flexors of the wrisc and fingers send down 
thelr tendons long and thin, 80 as to lightest 
as much as possible the distal extromities 
of their extremely lengthened hands, the 








roots of plants. Insects are then in their 


muscular epparatus for the motions of the 
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through the air! ‘The cerebellum is large 
in the rodentia, and the hemispheres of, 
the brain are small, and destitute of con-| 
Yolutions, as in birds; the cerebral hemi- 
spheres continue small, and the 
quadrigemina large, in the feeble herbivo- 
rous quadrupeds, when contrasted with the 
‘opposite characters those parts present in| 
the more powerful and sagacious carni-| 
vora. Itisalso in these low vegetable- 
eating quadrupeds that we find the reptile 
condition of the large hollow olfactory tu- 
Yercles communicating with the cavitiesof| 
the lateral ventricles, and the cerebral 
homispheres short as a bird’s, though con- 
voluted on the surface, and not developed 
backwards over the cerebellum, nor so far 
laterally, as they are in carnivora, It 

‘a wise and beneficent arrangement| 
to place there herbivorous quadrupeds 
thus low in the scale of intellectual deve- 
lopment. They are destined to consume 
vegetable matter, to convert it into ani- 

matter, to help on the development 








of organization on this planet, to serve|q 


as the prey and as the food of the 
more wily, more sagacious, and more in- 
telligent carnivorous species, which must 
aeize, and destroy, and devour them, or! 
perish and Icave a blank in the creation, 
and 20 disturb the balance of the speci 
‘Therefore it is that we observe that the 
face of herbivorous quadrupeds is large 
com with their cranial cavity; that| 
they have large ears, large eyeballs, and 
large organs of the other senses which the 
face contains and protects, but that in 
those which are destined to way-lay them 
and to destroy them, the organs of the 
senses are less developed in bulk, but the 
nervous centres are moreso, They must 
plan and watch, and perform numerous 
complex intellectual operations to enable 
them to way-lay, to ensnare, and to seize 
their prey, which nature has formed them 
for consuming, and digesting, and which 
has provided them with instruments of de- 
struction, and with instincts suited to their 
use. In herbivora, the whole bulk of the 
optic lobes is greater than in carnivora, 
but the anterior corpora quadrigemina 
are large and the posterior small. It is 
the reverse in carnivorous quadrupeds, 
for in them the anterior of the corpora’ 
quadrigemina are small, and the posterior 
or the testes are large. Man holds a 
meilium between the two, which shows 
that the development of ‘those anterior 
and posterior corpora quadrigemina, or 
anterior and posterior portions of the optic 
lobes, taken separately, does not corre- 
spond with the degree of development 
of the whole hemispheres of the brain. 
Now we observe that those superficial 
conyolutions become deeper and more nu- 








|merous, and the hemispheres, both of 


cerebrum and cerebellum, larger, as we 
ascend through the carnivorous quad- 
rupeds, and the quadrumanous animals, 


corpora|to the human species. The hemispheres 


extend backwards, so as to cover the whole 
of the cerebellum, in the higher quadra- 
mana; as yet, however, they do not extend 
backwards beyond the posterior margin of 
the cerebellum, which they do in the 
human brain to the extent of more than 
half an inch. On looking at the interior, 
at the Interal ventricles of the brain, or 
those interstices that are left between the 
systems of converging and diverging fibres, 
we observe that there is a difference be- 
twixt the lateral ventricles in man and 
those of inferior mammalia, In men they 
shoot backwards into the posterior lobes 
of the brain, ‘Those posterior cornua of 
the Interal ventricles have a small hippo- 
campus, the Ai minor, that ex- 
tends into them; but when we examine 
his part of the hemispheres in the inferior 
rumana, we observe that all outward 
marks of the posterior lobes dissppesr, 
and that the posterior cornua of the la- 
teral ventricles are wanting, and that no 
trace of the hippocampus minor is to be any 
longer discovered, though the fibres that 











ies.| composed it exist in a different external 


form. Now we observe that thereis thus a 
gradual approach to the human form in 
those great nervous centres in the orangs 
of India and Africa, which corresponds 
with the great enlargement of their whole 
cranial cavity, the magnitude of their 
facial angle, the smallness of their face, 
and their high degree of intellectual deve- 
lopment. 

‘As those cerebral parts'are developed, 
all the vertebrated classes, chiefly from the 
three great bundles of nervous filaments 
that compose the medulla oblongata and” 
the spi w, we should necessarily 

to find a correspondence between 
the development of thote three bundles of 
nervous filaments and the three principal 
parts of the brain—the hemispheres, the 
optic lobes, and the cerebellum. Thus as 
we sce that the principal fibres which com- 
pose the hemispheres of the cerebellum 
are derived from the corpora reatiformia, or 
those great bundles of nervous filaments 
which lie at the posterior part of the mer 
dulla oblongata, we should expect to find, 
as wedo, that in proportion as the corpora 
restiformia are developed, the hemispheres 
and the cerebellum manifest in all the 
classes = proportional enlargement; and 
vice verea. As the corpora olivaria, or 
those nervous bundles that are placed at 
the sides of the medulla oblongata, chiefly 
form the optic lobes, we should expect to 
find that in proportion as the corpora 
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LECTURE XXXIX. 
ON THE ORGANS OF VISION. 


Ar the extremities of most of the sensi- 
tive nerves which issue from the inter- 
vertebral foramina of the cranium, or 
those next to the entrance of the aliment- 
ary canal, are placed instruments adapt- 
ed to convey a more perfect cognizance of| 
the properties of outward objects; these 
instruments are the organs of the senses, 
and their consideration follows naturall 
that of the nervous system to which 
they are subordinate. These optical, 
acoustic, and other instraments, placed 
before the sensitive nerves of the cranial 
vertebra, are not designed to receive or 
to communicate sensations, but to con- 
vey more distinct im 3 to these 
nerves, and thus to excite more distinct 
perceptions of the various properties of| 
surrounding objects, so as to enable the 
animal better to distinguish what is useful 
from what is hurtful to itsnature. Inthe 
more perfect forms ofthese instruments, the 
principal sensitive nerve of the organ is ac- 
companied by an accessary branch, which 
* also indispensable to the function. 

‘most numerous, the most varied, and the 
most important impressions, are those 
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which animals receive from light, so ex- 
tensively spread through nature; indeed 
this agent exerts an important influence 
on the three kingdoms of natural bodies, 
on the constitution and properties of mine- 
rals, and on all the vital movements of 
plants and animals. Many animals, like 
plants, are obviously affected by light, 
without possessing organs of vision, or 
even a perceptible filament of nervous 
matter; and where the nervous system 
and the organs of the senses are the most 
developed, these great centres of the ani- 
mal functions are situate where they may 
Dest watch over the vegetative. As plants, 
guided by light, open and close their fowers 
and their leaves, or follow with their ex- 
panded flowers the course of the sun, or 
seek the light with their branches and 
their leaves, without a nervous system, 20 
we perceive the gemmules of poriferous 
animals guided in the selection of their 
lace for fixing and developing by the in« 
uence of the same agent. Some zoo- 
phytes expand or contract their body or 
their polypi according to the intensity of 
the light; and the free moving hydra 
seek the most lighted situations in their 
aquatic element, without exhibiting either 
organs of vision or nerves, and the topo- 
graphical distribution of the spontans 
moving gemmules in that class of ani- 
mals, on the surface of rocks, or caves, or 
precipices, or the bottom of the ocean, 
‘appears to be regulated chiefly by the in- 
fluence of light. The spontaneous mo= 
tions of medusz, and other 
acalephs, appear also to be gui 
agent, without their having 
gans appropriated to it. 
‘Organs, ever, appropriated to light 
are perceptible in animals, where no ner= 
vous filament has been yet discovered in 
their body. Many of the minute poly- 
gastric animalcules are sensible to light, 
and seek it, like the hydre among z00- 
phytes; and on examining their surface 
‘with a microscope, we can generally de- 
tect small, round, opaque, red-coloured 









‘The | spots, on the anterior part of their body. 


In many of the simplest polygastric ani- 
maleules, those red points are so closely 
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thus freely backwards into the in- 
terior of the zoophyte. The same com- 
plicated structure, and almost independent 
character of these digestive organs or 
polypi, we observe in the pernatule and 
tirgularie, where the pomantules come out 
through the prolong ties of the poly- 
pi. In the tubularie the polypi are still 
more isolated and independent, and are 
provided, like actinie, with » double row 
of tentacula around the mouth, which are 
shorn of their vibratile cilia, But the 
nearest. approach to the actinia in the 
whole form and structure of the polypi, is 
seen in these large isolated caryophullia, 
where we observe already the tubular 
short membranous tentacula, disposed ina 
double row around the mouth, and desti- 
tute of cilia, where the stomach is an open 
internal distinct canal through which the 
gemmules pass, and where the polypi 
often, as in this caryophyliia cyathus, re- 
tain through life an independent and iso- 
Tated condition. ‘They are, indeed, acti- 
nie which have exuded a calcareous basis 
to fix them permanently to rocks against 
the sgitations of the sea, and in a favour- 
able position for So that from the 
simple stomach of the isolated Aydra, 
which is both generative and digestive, 
we pass through a diversified series of 
zoophytic forms to the complicated struc- 
ture of the isolated actinia, where distinct 
organs are appropriated ‘to these two 
functions, the most general functions in 
animals and in all organized beings. The 
distinct internal isolated stomach of the 
actinia, open below as well as above, and 
separated by a wide space from the parie- 
tes of the body, we already see in numerous 
inferior forms of branched zoophytes; and 
also the disposition of the ovaries around 
the base of the stomach, with rudimentary 
vertical partitions of the body of the poly- 
pus, you already observe in the Jolubari 
cornwlaria, and many other forms of this 
class. The actinia, like the hydra, unfet- 
tered by a solid axis, stretches its elastic 
body over prey many times larger than 
itself, and by the great digestive powers of 
its capacious stomach it quickly extracts 
nourishment ‘from all kinds of animal 
substances, living or dead, which are 
Drought within its poisonous grasp “by 
the ceaseless motions of the tide. The two 
passages or open canals which we observe, 
often beautifully coloured, extending oppo- 
site to each other, slong the sides of the 
stomach to the ovarial cavity at the base 
of the aetinia, appear destined to give a 
separate exit to the young, without pass- 
ing through the cavity of the stomach, 
which is often filled with gravel, sand, 
broken shells, and other hard substances 
taken in with the food, This structure 
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lends to the separate ovarial openings of 
asterias, eckinut, and other echinoderma, 





still the soft fleshy con- 
tractile body, and the distinct open diges- 
tive canal, of the actinia and many of the 
simpler zoopbytes. 

The soft gelati ecale- 
pha, transparent, as huge animalcules, are 
all stomachs, like the Aydre and ectizie, 
and have their digestive cavity continued 
throngh every part, extending in nume- 
rous ramifications through their hemi- 
spherical mantle, their long filiform ten- 
tacula, and the pendent branches of their 
peduncle. In the verve the intestine passes 
straight through the body, with the oral 

al 





capacious stomach occupying the middle 
and inferior part of the animal, and from 
which minute orifices appear to extend to 
the numerous tubular tentacula placed 

of 


which have their digestive cavity, the 
only important system yet det 
protected above by their internal 
as in the velelle, Around the delicate 
margin of-the berenice, which was thought 
hy Penow and Lesvnun to be agastric, 
there are numerous prominent papiiie, 
the tubular passages of which lead to = 
capacious central stomach. the 








dent prolony 
catending from iheke long Fedunle, and 
leading to © wide central stomach which 


radiates to all parts of the superior convex 
mantle. Larger orifices, varyingin number, 
are for the most part also observed. 
into central cavity, sometimes 

in others more numerous, and 








around the middie of the inferior 


DIGESTIVE ORGANS O¥ THE RADIATED ANIMALS. 


concave surface of the body. The rami- 
fications of these anastomozing passages 
Jeading from the stomach throtigh the 
gelatinous mantle of the rhizostoma to the 
Circular canal around its margin, beer 
some analogy to a chyliferous system 
connecting a digestive with a circulating 
apparatus; but the whole of this vascular 
system ramified through the cellular tissue 
of their body, appears to be only dn ex- 
tension of thé common digestive and 
absorbent cavity. From the numerous 
entomostraceous floating crustacea, and 
other minute anitnale generally found in 
the stomachs of the acalephd, they appear 
to subsist on food ‘more highly organized 
than themselves, und divided by its nature 
into very minute parts. 

‘The digestive organs of the slow-moving, 
thick-skinned, predaceous echinoderma are 
as variable as their outward form, and 
present us the links of transition from the 
expanded and radiated alimentary cavity 
of the acalepha, to the long cylindrical 
intestine of the articulated classes. The 
radiating, ramifying canals extending from 
the stomach through the circular trans- 
parent disk of the rhizostome, are still 
een ig from the central digestive 
sac of the asferias through all the radiated 
divisions of its . ‘The stomach of| 
the asterias opens in the centre of the 
lower surface of the body, the most fre- 
quent position of the mouth in the cyclo- 
neurose animals, and occupies the whole 
central portion or disk of the body. But 
extending from the sides of this capacious 
central digestive sac we observe two 
ramified carca extending into each of the 
divisions of the body, however numerous 
or few these divisions may be in the di 
ferent species, and these ramified con- 
tinuation# of ‘the stomach terminate in 
Iittle sacs generally filled with digested 
matter ; #0 that where there are fine divi- 
sions, a9 we find in most of the species of 
this genus, there are ten of those ramified 
ceca, and where the divisions are sixteen 
in number, as we frequently find in the 
asteriag there are of course double 
that number of ramified ceca, or thirty- 
two extending from the cavity of the 
stomach. There are alsocomplex vascular 
apparatuses connected with those ramify- 
Ing ceca, and extending through the body, 
which belong to the circulating and to the 
respiratory system. Thus, then, the ex- 
crementitious matter, the residue of di- 
gestion, even those highly deve- 

ped forms of the asterias, passes out 
by the same opening through which the 
food is introduced into the body, as in the 
lowest monad. 

‘This simple structure we find also in the 














evryale and in the ophiura, and it is the 


ey 


Cothtiion! structure tn most of the btellerida; 
but in the ophiura and in the euryale the 
whole of this digestive system, with thé 
ceca in a rudititetitary state, fs confined 
to the central disk, and does not pats intd 
the lorig, slender, and often rattiified diz 
visions of the body. No cata ar othét 
digestive organs extend beyond the eens 
tral disk from which the arms ratlinte itt 
these ophitire. In the comatula, which id 
apparently ab closely allied to the ophitcray 









a structufe is obeerved more cotm & 
small marginal opening, not far from thé 
mouth, is seen at the extremity of a proz 
minent papilla, which is distinctly cod: 





pi 
tirtuous with, and fornis the 
of, the alimentary canal; it ls a distiticé 
anal orifice. That struttate is seén again 
in the pentacrénus, and it appears to have 
been the general structure of that imo 
mense and now almost extinct family of 
the crinoid animale. 

We have hete then, in these lest form, 
an alimentary canal, consisting chiefly of 
stomach, but having a distinct intesting 
and anus, and passing through the body } 
but in the echinus, the cidarte, the sputen= 
gus, end other globular forms of the echis 
noderma, the alimentary canal is of « #2 
more elevated and perfect form. ‘The 
mouth of the echinus and cidéris we have 
already seen to be provided with = very 
‘complex apparatus of teeth, lodged in long 
solid alveoli. From the back part of this 
masticating apparatus, we objerve the 
esophagus passing inwards, which ert: 
larges into a emall sac or stomach. In the 
interiot of the body we observe not onty 
an intestine windlig twice roumd the whold 
of the shell, and with several partial ext 
largements in its course, but that thet fs 
testine is distinefly connected with thé 
parites ofthe shell By smrerenteriomems 

rane, and with vessels minutely ramified? 
upon this mesentery. ‘This thesenterlé 
membrane, with distinct veins ramiff= 
ing upon ‘it, is an unusual occurrencd 
with other kinds of animals 20 low in thé 
scale, or generally in the invertebrated 
animale, The intestine, after leaving the 
‘small stomach, passes to be attached to 
the side of the shell, and performs a revd- 
lution, thus connected by its mesentery to 
the inner surface of the shell, It turns 
‘again upon itself, and, with » reverse di. 
rection, it makes another convolution, and 
reaches the anus at the diagonally oppo- 
of the 

ey 








site extremity, the upper extremi 
shell, and sround this upper 

we perceive the five distinct openings for 
the five oviduets. 

In the spatangus, we observe that the 
‘alimentary canal is destitute of teeth of 
other masticating organs, that the cesophas 
gus opens directly towards the anterior 
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MR. WARDROP ON CLINICAL INSTRUCTION. 


provided with the plice of the mucous 
coat extending into its interior. In this 
loligopeis the crop (Fig. 159, e) is long, and 
longitudinally plicated internally, and the 
giazard (Fig. 189, f) is globular end mus- 
cular. 


The intestine passing from the spiral 
stomach of the cephalopods is wide and 
short, corresponding with the animal food 
upon which those remarkable molluscous 
animals subsist. It forms a short single 
turn, a little downwards from the third 
stomach, close to the left branchial heart; 
it then mounts upwards, passing along 
the fore part of the liver, and terminates 
generally with a valved orifice, immediate. 
ly below the commencement of the syphon 
or funnel of the cephalopods. 

In the small sepiola, perhaps the small- 
est of the naked cephalopods, you observe 
the oesophagus with scarcely a perceptible 
enlargement, passing down behind the bi- 
lobate liver’ to the long gizzard, with 
strong longitudinal muscular fasciculi, a 
stomach that is here extended longitu 
nally, or from bofore backwards. This 
very large and strong gizzard in the se. 
piola, leads by a wide, short, and free ori- 
fice into the third stomach, which here is 
wide and lengthened, and does not per- 
form the quarter of a revolution, and is 
marked by numerous transverse plice ex- 
tending inwards, which affect even its out- 
ward form. In this back view of the se- 
piola, you observe the large inferior pair 
of the salivary glands lying above and 
behind the liver. The bile is poured in by 
two long hepatic ducts, uniting into one 
before thoy enter the third stomach. The 
liver here is easily observed, upon re- 
moving its peritoneal coat, to consist of] 
numerous ramified cxca, which can be 
detached and observed, floating loosely in 
the water, upon removing the cellular tis- 
sue and vessels which slightly connect 
them together. 

‘The magnitude of the liver, the salivary’ 
glands, and the pancreas, here in the 
cephalopods, is nothing remarkable, for we 
find all these assistant chylopoietic glands 
greater in the molluscous than in the ar- 
ticulated classes; in the molluscous 
classes we observe a greater number of| 
species to feed upon vegetable substances, 
or upon animala very low in the scale; 
whereas the articulated classes we ha\ 
seen organized to feed chiefly upon ani- 
mals, and upon animals even higher in 
the scales than themselves. 

Thus wo observe these cephalopods to 
possess many parts in common with the 
class of birds, the feathered inhabitants 
of the air, although they are animals or- 
ganized inhabit the deep recesses of 
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for swimming, although admirably pro- 
vided with prehensile organs, in the form 
of those long muscular feet, covered with 
suckers, and disposed sround the head 
and mouth. As in the birds, we see here 
the powerful horny bills ; we see the crop 
upon the cesophagus, we see the muscular 
gizzard, with its coriaceous lining, of the 
birds. ‘Here you will observe there is yet 
no csecum developed upon the colon; and 
we scarcely observe in any of these i 
ferior invertebrated animals, a distinctly 
closed or cecal cavity developed in that 
region of the alimentary canal. Indeed 
you observe scarcely a distinction yet 
tablished permanently hetween the colon. 
elf and the small intestine. The com- 
rative shortness of the alimentary canal 
ere, as in other carnivorous invertebrata, 
depends on two circumstances. The co- 
phalopods feed on animal food, which 
must not be in large quantity, nor linger 
long in the digestive organs to extract its 
nourishment, otherwise it would putrefy ; 
its highly compound elements would enter 
into new combinations, which would prove 
injurious to life. Another circum- 
, that those cephalopodous ani- 
mals are’ still low in the scale; and we 
observe that this internal alimentary canal, 
for the reception and elaboration of food, 
becomes more lengthened and complicated 
as we ascend from its first appearance in 
the lowest animals, upwards to man, or to 
the mammalia, where it is proportionally 
Tonger, and more divided into distinct parts 
with distinct functions, than in all the in- 
ferior classes. 














CLINICAL OBSERVATIONS 
ow 
VARIOUS DISEASES, 
BY 
MR. WARDROP. 


Prefatory Remarks.—Clinical observa- 
tions are, for the most part, made on patients 
in public hospitals, but as the diseases of 
the poor are usually far advanced before 
they are admitted intoour charitable medi- 
cal institutions, students seldom have op- 
portunities at an hospital of becoming ac- 
quainted with diseases in their early stages, 
and are excluded from sccing diseases, 

which, in consequence of their mild 
racter, are not usually considered fit ob- 
jects for admission, 











There are some discases which are 
met with only in particular classes of 


the ovean, being but imperfectly organized | people, the poor being aflicted with ail- 
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closed above as it is in the pt 
but allows the froo-ingross of mus 


All 
have the branchie symmetrical on the two 


and « considerable siSerenes t in 
ment of those two respiratory 
metrical 02 


pectinated gill 
smaller one on each side of the interior of | 
the mantle. ‘This is a structure upon both 
sides of the body very similar to what we 
commonly 


find in 
steropods such 
Seveloped only upon the left side of the 
respiratory cavity. There is an obvious 
reason for their being developed only on 
the left side of the (the body in thove pectinated 
gasteropods, because their excrementi- 
tious orifices terminate on the right side 
of the cavity, and the streams carried in 
by the left side to aerate the branchie 
come over the surface of these outlets in 
passing out from the interior of the re- 
piratory cavity of the mantle; but in alll 
cephalopods the two sides are symme- 
trea the terminations of the alimentary 
canal and the passage for the products of| 
the oviducts and the male organ are placed 
(on the median plane, so that there is no 
reason why these respiratory organs 

be developed only upon een "Er only 
upon the Fight t velopment 
here has therefore proceeded equally upon, 
Doth sides of the body, and in this sym- 
metrical development of the respiratory 
organs on the two sides of the body we| 
see an approach in these organs of the 
cephalopods to their regular and symme- 
trical forms in the higher classes of verte- 
brata. But taking one side of the nauéilus 
we still perceive in the branchia the form 
which is s0 common in the class of gastero- 
‘They consist, in the naked cepbalo- 
Rods, of numerous curved pectinated sub- 
ivided folds which are attached loosely by 
ligamentous bands to the sides of the inte- 
rior of the cavity of the mantle, so that they 
float loosely in the water that is brought, 
in from their sides over their surface. The i 
venous blood returning from the whole | com 
‘eystem in the naked cephalopods is con-: 
veyed through two branchial arteries, one, 
upon each side, next to the ligamentous, 
‘band, to those respiratory organs; from 
the ‘respiratory organs the arterialized 





PROFESSOR GRANT ON. THR RESPIRATION OF 


(which sen it 
‘wards and 
The relative size 


‘lasses. | cephalopods, sn ee 







form of the body and its 
active or vigorous moticis. 
of the respiratory streams by the’ 
of the mantle, and he exit ‘hy the” 
placed on the median ‘plane, preveat 
already with three passages for 
asin fishes, although the currents . 
take an opposite direction. ‘ 
‘Thus we observe in the in 
‘classes that the entite surface of tie 
‘is subservient to respiration ip t8¥ 
tribes before @ particular portion of Cid 
beoome printed to this fur 


jinte|That portion allotted to the serattoh of 


the blood forms the gills or the pul 
cavities, which are situated in'thé 
convenient position for receivitig 
fluid and exposing it to the infec of 
the surrounding element. As we see the 
~ wo binopbed eneaaivaly the interibe of 
e body in many of the terrestrial species, 
we find the wae to have a like free ad- 
mission and extentive distribution thrdgts ~ 
the body by appropriate canals in most of 
the aquatic invertebrata. 








LECTURE LI. 
ON THE RESPIRATORY ORGANS OF THE 
‘VERTEBRATA. ‘ 


In is cbiefy by the form. of the seopire 
tory organs athe fsbe slopted foe Goo 
water and the bird for the regions of the 
air. Indeed there aro scarcely any. 
of the body which grester. 
sities of form in wertebrated Censn, 











blood is conveyed by the branchial veins 
slong the free floating margin of the gills: 
to the great fleshy systemic ventricle| sm 


pondonproveul Srealtolide ¥ fromthe 
all peoportion of sir contained aerate “ 


TAU CULE 


the” aquatic resuiadton ‘ia Yess favourable 
to ‘Weneration ‘he blood than the aerial, 
andl almost all the active tribes of inverte- 
bretg are'air-hreathing apimals, while the. 
slow-mor classes are inbabitante of the 
seg, In the vertebrated classes, we still 
find animals possessing only this simple 
means of respiration; but in order to 
render If aa effective as posajble, the whole 
of the blood is sent, through these aquatic 
organs, and with « velocity aided hy the 
entire force of the heart,. it blood is 





tory, like their gills, and like the exurnal 
branchiie of the amphibia, and some are 
seen to swallow draughts of atmospheric 
alr, to aerate the vascular mucous surface 
of their intestine, ar to convey through 
the ductus pneumaticus to the air-bag. 
The fishes being deprived of the commu- 
nicating anast ing branches between 
the branchial arteries and veins, retain 
Permanently the earliest tadpole state, in- 
capable of complete metamorphosis, and. 
all the species of this great class agree in 
this permanent aquatic character. 

In the animals of this class we observe 
thorespiratory organs to consist of various- 
ly formed gills, attached to those osseous or| 
cartilaginous branchial arches seen extend- 
Ing from the sides of the os hyoides up- 
wards to the sides of the cranium. In the 
osseous fishes we observe that there are 
four of those water: bresibing: organs, dis- 

nder : das cpamte cach “ise of| 
under a wi upon, 
‘the neck ; these branchise consist of closely 
Appranimated series of pg fiat, car- 
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single 

gil which rape along the 

in the outer margin 
of each branchial arch. ‘Those branchial 
veins, returning the arterlalised blood, ae 
all collected at the and back part 
of the body into = single great i 
artery, after giving off some branches te 
the head, and from this arterial trunk, 
without the ald of a heart, the blood 
is led through the system. You 
will observe that we are now speske 
ing of vertebrated animals ail 





large 

surface, and of forcing 
heart the whole blood of-thelr system for- 
wards through the to 
be subjected to the infinence of the air 
that is contained 10 scantily in the water. 
Therefore it is that the heart is placed 


{a the one from which the systemic heart 
ia developed in higher air-breathing ver 
tere great devel of the 

‘The great ent of the mus- 
cular system in Sahes for the motion 
of their vertebral column, acts upon their 
systemic arteries and systemic veins, as 
sleted by the valvular structure, with suf- 
ficient energy to conduct the circulation 
without another heart being ‘upon, 
their course. This is the condition of the 
circulation of man-himself, and of all the 
higher vertebrated animals at the com- 
mencement of their fcctal condition, when 
they bave arrived at that stage of deve- 
lopment at which the fishes have been 
arrested. 


‘We find thoes branchial tory 
organs in fishes to vary in different 
species in their number and in thelr 
forms. The most frequent form is that 
which we see in the osseous fishes, with 
four parallel sertes of pectinated lamninse 
‘on euch sitle of the neck, In the rays and 
sharks, we see, on each side of the neck, 
five of those branchial openings, and the 

aR 








sve FROPESSOR GRANT ON THE RESPIRATION OF 


Sit do uot fcat freely at their 
Wertz, a+ 








taken in 
ib divided invs a correspunsiing secics of upon each side; in others there appean 
strams. Thusit is that we observe those partial longitudinal division of the wilde 
five oblique apertures, without any dis- part or body of this air-bag ; im seme othen 
tinct operculuin, in the sides of the neck in there ix a smaller tube thal commenicain, 
the rays and sharks. In the lacapreys, the on each side with two lateral tats of pro- 
stricture is sowewhat similar to that of longations from the zir-beg ; bat in othen 
the sharks with to the fixed cm- the whole extent of the air-bag shoots ot 
ation, at the distal extremity, of their re- i2terally in the form of imumerable runt 
spiratory laminz ; but here there are fications, consisting of so many pulewak 
sesen cf thote respi internal se- cells or subdivisions symmetrically de 








means 
common lengthened canals that receive rectly with atmospheric air 
the whole of the branchial currents, and the surface, and 
convey thera to the surface. In some of the atmosphere from the surface 
fishes, in place of thoze pectinated organs sea; by this it distends not the 
which you see so common in the osscous bat a large air-bag that connmmicae 
and in tie cartilaginous fishes, the gills with the esophagus. In this way the 
's disposed whole body is blown up, and rendered 





have the furia of branched tu 
along the branchial arches, and these tufts spherical and tense on the surface; the 
have sora resemblance to the condition spines covering its surface are tras eret- 
of those organs in many gasteropods and ed, and the fish rises buoyant, and fats 
annelides. Such fiches have been deno-' with the greater part of its more deli 
minated from this structure lopho-branchii abdominal region altogether above the 











—fishes that breathe by gills in the form 
of tufts, as you see in the pipe,fish anil the 
pegasus and the hippocampus. 

observe, in the greater number of. 
the animals of this class, that there is an 
air-bag disposed along the middle of the 
back which contains a gaseous secretion, | 
that gaseous secretion differing from at- 
mospheric air in its constitution. In the 
fishes which inhabit the deep seas, gene- 
rally more muscular and powerful than 
the shore fishes, or the inhabitants of; 
fresh waters, we find that there i 
ponderance of oxygen in the con: 
of that gas which is contained in their 
air-bag, and that the abundance of nitro- 
gen generally increases as we come to 
the feebler fishes which inhabit the shores 
of the sea, or the shallow lakes and rivers. 
This air-bag most frequently communi- 
cates with some part of the cavity of the 
alimentary canal near to the stomach, by 
means of a short wide canal called the 
ductus pneumaticus. Often this air-bag 
formy a simple shut sac with an obviously 
glandular, internal, red-coloured, highly- 
vascular organ, which secretes the gase- 
ous fluid, and without having a perfora- 
tion in any part of the parietes of that sac| 
for the escape of the gas; this is the case| 

















surface of the sea, 90 that the fishes that 

are pursuing it are unable to seize it, froa 
the long dorsal spines which i 
“while it’ is shielded also from the birit 
above by the spines covering the ab 
‘domen. 

Tn many fishes which reside in md, 
or lie at the bottom of the sea, the air-bag 
would be worse than uscless, and is want 
ing, as we see in lampreys, and rays, and 
frog-fishes, and flounders. ‘So that we we 

this air-sac, so useful in the living move 
ments of fishes, and but little subservient 
to their respiration, to present the embryo 
conditions of the complex respiratory ot- 
gans of the highest vertebrata. Yn many 
fishes, as in the embryo of mammalia, itis 
a simple and single shut sac, placed on 
the median plane. In others it manifests 
internal divisions or cellular prolongation, 
asin reptiles, ora bifurcation of its cavity. 
The ductus pneumaticus receives air, often 
pure, and often derived from the respired 
water, as that sent into the trachee from 
the branchial openings of some aquatic 
insects in the larva state. The ductw 
pneumaticus, still membranous, like that 
‘of-a proteus, is sometimes single and 
sometimes double, and its opening B 
sometimes as low as the stomachs in other 
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it. opens into the cesophagns, andin others 
as high as the pharynx. 

The number of branchial pairs varios in 

3 in 


Te 








lophiua there are three 
iment of a fourth anterior pair; the moet | sui 


frequent number is four pairs complete, 
‘but many have, hesides ‘these, four fall- 
sized branchiz, the rudiments of an ante- 
rior fifth pair, and we have seen that the 
number is greater io many of the carti 

ginous fishes. Besides the internal ordi- 
lary covered branchie of the rays and 
sharks, we find in the foetus of these 
fishes, numerous long, external, simple, 
Dranchial filaments hanging down from 
the sides of the openings of the gills, 
which are lost before the fatus escapes 
from the ovum. These external tufts of 
respiratory filaments have also been ob- 
served in several other fishes at a very 
early period of their foetal life. Now at an 
early period of the development of fishes, 
the outer surface of the neck appears to 
hava no branchial openings, but there are 
noon formed five small separate holes on 
‘cach side; even in the operculated osseous 
fishes, the branchial arches are formed, 
and the minute branchial respiratory la- 
ming begin to bud ont from their edges. 
These lamin increase in number and 
extent and firmness, and bang free from 
the sides of the head till the development 
of tho opercular apparatus covers and 
conceals them by the extension of its 
branchiostegous membrane and rays. We 
see thus in the respiratory organs of fishes, 
perfect adaptation to the aquatic me- 
dium they are destined permanently to 
inhabit. They present many analogies with 
the forms of these organs in the inverte- 
brated aquatic tribes, and the closest re- 
semblance to the tadpole condition of the 
class above them in the scale. In the 
branchial subdivisions of their great arte- 
rial trunk, issuing from = single heart, 
‘we observe the embryo conditions of this 
vessel In all the higher vertebrata; and in 
the various forms of their air-bag, with 
ite ductus poeumaticus, we see repeated 
the firat efforts at development of the 
hunge of all the higher air-breathing 

en. 


‘The amphibious animals breathe at 
Sete by 8 of gills, like the fishes of the 
sea; their sir-bag is double, and is now 
more obviously subservient to respiration, 
and they respire by the whole surface of 
their naked skin. In watching the deve- 
lopment of the tadpole from the time of 
its escape from the ovum, where 1 op 
pears ag aamall black spot, coiled up 












the centre of the transparent colourless 

inous globule, we observe from the 
sides of its neck, simple branchial fila~ 
ments extending, which, when we view it 
with a microscope or lens in water, are 
perceived to have currents of water ra- 
play sat incessantly passing over their 

._If we watch them with attention 

during their rapid development, we ob- 
serve that those extended branchial fila~ 
ments develop from their sides small sup- 
plementary ramifications; that each of 
those branchial extensions is formed by the 
subdivision of a bloodvessel; that each of 
those terminal extended portions of the 
exposed gills has only a single capillary 
vessel extending round its margin; that 
that branchial capillary vessel by simply 
giving off a loop from its sides formsa new 
extension, an additional circular vessel, 
and a new part is in this manner succes- 
sively added to those external projectin, 
branchiz. Those are the kinds of exter 
aquatic respiratory organs which are first 
developed in the tadpole state of these 
amphibious animals. The whole of the 
venous blood of the system collected into 
the right auricle of those tadpoles of the 
highest amphibious animals is sent to the 
single ventricle, and from this ventricle 
it is conveyed, as in fishes, through a bul- 
bus arteriosus and branchial artery which 
sattrly ramifies on those external bran- 
chiz. 

The branchiz, as we saw in the fishes, 
are not the same in number in all the 
amphibious animals, and many com- 
mence with external filiform branchie, 
which are changed for internal branchie 
ata latter period. Weobserve that in the 
larve of the common frogs and toads, and 
in most of those amphibia which are des- 
tined afterwards to lose their branchie, 
there are four of those external gills on 
each side, supported by branchial arches. 
attached to the os hyoides ; while others, 
as the ayren and the proteus, have only 
three of those branchial tufts on each side, 
3 you observe also in the azolet! of 
Mexico. ‘Those gills are supported in the 
same manner as the gills of fishes, upon 
branchial arches connected with the cor- 
nua of the os hyoides. It is by the motion 
‘of the lower jaw and the os hyoides, draw- 
ing in water by the mouth, that the aera- 
tion of those branchie is partly effected, 
whether they be external or internal. 
But as the whole surface of the branchie 
is minutely covered with cilis, or vi- 
bratile o1 for rapidly renewing the 
stratum of water in contact with their 
face, we see that, Independently of the 
action of the jaws and os hyoides, those 














free cting branchiw have, as in the 
Erundhia of fer slams, the means ef 
3R2 


classes up to man. 





| 
‘We observe in the lowest of the am: 'land 


Poibicus animals, oven ia thove that nerer vi 


thelr fishlike aquatic respiratory 
organs, such as the proteus and the axo- 
Jotl, that in the cavity of the abdomen, 
and extending pretty far back into that 


cavity, there are respiratory membranous | 


sacs, the rudiments of lungs, as in fishes, 
which receive bloodvessels coming of 
from the trunk of the aorta, Those fom 
thin simple membranous respiratory 
receive their arteries from the great on 
temic vessel, and the blood after ramify- 
ing upon thelr parietes is conveyed back 
by veins ‘and sent into a separate small 
sinus or auricle on the left side of the 
aingle ventricle, forming thus a third 
cavity of the heart. 
in these perennibranchiate amphibia the 
tracheal openings of those membranous 
sacs upon each side, we perceive that they 
communicate with the pherynx by a thin 
transparent soft membranous tube.” This 
is a structure which we might have some 
dificulty in recognising as a very simple 
condition of the trachea, but from the. 
earance and general relations presented 
By the air-sucs of fi : 
saunication by the dui 
with the commencement of the allmentary 








canal, we see that there is a stricvare of |‘ 


the pulmousry organs oomiton.-ia: wath 
Jow aquatic smimale ds thore’ permationt 
tadpoles and fishes Which ‘onwturaly retain 


hen we observe | pul 





tothe domed egaers arene 
as jo the dactus pneumatics of tishds!:. 
Thomare nectrusribein ani 





the pulmonic;orgahs:arq, ‘ack! 

of deghitition effected. be ly ee 

¢igns of the ‘os: fiyoides. x They 

fs opto pina en 
spt oper, aa: ips | 

fogted- by the:motionofithdanouthaadet 
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TOAMOBILBSOUS A IMA LS) ANT SBRPBNTEI. 


tolwatessbreathing ewyanss1“Phe exferndh 
fdaesientous*: ‘brantidiar resetn bling 


this dockduous reapiratery: filament" seat 





emphibia, With those 
threw secessive forms -of the. respiratory. 
organs, commence with tho maked respi- 
Tetevy tafts:of niany of the ‘articulated and 


other: 
serve that moxt of tl 


miotiwcdar adtonls,- then « acquire: the 
coverodtiranchias of fisbes, which are piti- 
raxtoly:changed for the mare effective cel: 
loleditongd of-terresteial antinals. The 
sqnatio.and Serial orgens aro developed 
to very ‘different degress'in these animals, 
shd-even in the percnnibtanchiate specics, 
aatl according to their relative develop: 
ment is the one form of repiration or the 
‘tbe more and essential to the 
comtininee of life.- In tho sirew the pal- 
thottic. respiration -is‘more extensive and 
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tho: single. |aie-bag -which .we commonly 
sed dr’ fishesiahdin snails, and many other 
! ods, “Generally you 





ociladan: fermed-by the extension 
of folds'from the back. part of the parietes 
forwards ‘inte the iuterior of the general 
cavity 5#o-that when we open this part of 
tho Tang, it presents somewhat of the can- 
cellated appearance ef the interior surface 
ofthe second stomach ofa rnmainating eni- 
mal; sumerous delicate membranous plicas 
extending into tho interior of the lung, 
and covering the whole of that upper and 
dorsal surface; but throughout the rest of 
the inng we observe no distinct colls any 
where developed. In several of the ophi- 
Gan reptiles, as in this boa constrictor, the 
interior cavity of the lungs has acquired a 
very considerable development; and this 
is very important in animals which like 
these require often to use great muscular 
exeftions, and which often require to 
Highten the body to enable them to swim 
over lakes ‘or rivers in pursuit of their 
prey. All: the reptiles are observed to 
take: in more air into their capacious and 


. | plightly- subdivided lungs than is employed 


in oxygenating the blood, and this is cs- 

ly remarksble in the aquatic kinds, 
where this air- serves to buoy up their 
heavy and slow-moving bodies in that 


tory | dense element. 





the development of 
ngs. Several sakes 






sac, without any cella traversing its in- 
ttenlor, excepting xt the upper and back 
‘tyiand.thit it commtnicates by 8 long 


where 
without 
= left-side! we. observe 





KEL to 


rovided with. 
ribs, and 





of their lungs, and the freedom of their 
ribs, they can distend their body with air, 
and make it firm and clastic. Thus we 
see that it is in many ways advantageous 





tory | in those animals to be able to take a large 


quantity of air into the interior of the 
body, which cannot be subservient to 
respiration, as it cannot all come in con- 
tact with the surface of their simple un- 
divided respiratory sacs, over which alone 
the pulmonary srteries are distributed. 
We sce the effect of this, indeed, in all 
the elastic bounding motions of those ser- 
penta even on the dry land. The long- 
continued hissing sound which they pro- 
duce to alarm their proy is effected by the 
expulsion of this great volume of air, and 
which is caused by their maveable free 
i ese air-bags, and act 


tribe compecesing 
\ent-|.ing with force for a long time in expelling 








it through the narrow passages of the nos- 
‘Ppere ia an mppoarance of trane- 


i 
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Kow, in the embryo of 

python, SMecens bias observed 

‘chinl openings on each side of 
distinct gills wi 


ait 





F 
sk 


‘but distinct 


which induced 
that animal as 
or amphible, 


ita, in 
Satire of rw to regard 
belonging to the 


. The 

of the subdivision Into cells Is seen here 
always to take place, and to arrive at ite 
greatest degree at the upper and back 
part of the lungs, In this common offici- 
nal acing (acineus officinalis), you observe 
that the Jungs consist of large sacs which 
hiave thulr parietes all marked by small in- 
‘ternal projecting folds, but that the interior 
structure of these lungs forms a continuous 
cavity in each, and is not throughout di- 
vided into distinct cells, In the chameleon 
we observe that the lungs extond as in 
other reptiles, and like slmost all the 
inforlor vortebrated animals that respire 
atmospherle afr (boneath the mammalia) 
frocly Into the cavity of the abdomen, 
thero being yet no distinct diaphragm 
Govoloped, so that these lungs aro still 
simply, onclosod hy tho abdorninal pari- 








form, 
| consis omgshoned 


EERE 


i 
i 
i 


fH 
it 


E 





saccalar 
interior, 
cells. 


rendexs 
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tong tated appears 
little to do with the changes 
of the skin, which are so rei 
concealment in 


we cells toget 
‘and further subdivided as we ascend 0 
the highest class of vertabratay conti] they 
are sufficiently concentrated into » more 
compact, defined, and circumscribed or 
gan, to allow a muscular partition or dis- 
phragm to be formed between the thorax 
br gatas them, and the rest of the 
cavity of the trunk. 

In the crocodiles and in the lizards 
the lungs are externally small, but ar 
subdivided to » great dogreo. of minute- 
ness by internal partitions. They assume 
already that circumscribed form whichis 
preparatory to the complete scparation | 
tho highest aninals, by means of a ds- 
phragm, between the cavity of the thorax 
and the cavity of the abdomen ; and, in- 
doed, a rudimentary condition of that dis- 
phragm is alroady acen in these crocodiles 


tos, ‘The lange ofthe chameleon are wub-| and in birds, ospecally in the ost 
alvited t thalr upper and back par, to a/ Wo already perceive enlargements of te 
great dogree of minutonoss, into small| trachos, ss in many birds, In the gecko 


cells, prowonting at that part a very ex- 
tensivo surface for tho distribution of the 
Yenous blood; ut at tho lower part of 
those large lunge you observe that that 


|Ambriatus, ox in the omu of New Hc 
hero 1a 0) wide separation of thp 20 of 
the trach 

e p membranoay porty 





capable of distention, passing 
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widely separated ends of the ‘rings, about; 
the hilddle of the course of the tracheu. 
‘The rings of the trachea are often coni- 
plete, as in birds, and in some, as the 
iguaina, the rings are deficient behind along 
the Whole trachea, The branchial open- 
Sigh ont the side of the neck, ant! the sub. 
division of the aortal trank into lateral! 
pilre of branchial arterica, have been seen 
anid Ségeribet by numerous observers in 
Ube embryo of the common lacerta agitis. 
Batt observer five pairs of branchial ar 
tere, ‘Three branchial openings on each 
thie of the néck have beeti observed here, 
‘iain the serpents. 


In the chelonian reptiles we observe, 
‘Again, no muscular diaphragm separating: 
# cavity containing the limge from & ge- 
eral envity of the abdomen, bit that the| 
Jungs are equally developed, largely eel 
ular, very capacious, and still composed 
of an undivided single distinct tobe upon 
each side. Those lobes are sulslivitied 
Internally into very lerge cells, present- 
{ng thus bat  rinall surface for the di 
Yefbution -of the blood, but admitting 
expecially in the turtles, a large quantit 
Ofnir tbe taken into. thelr tamasive 
anil “heavy ‘body, | Those lungs extend 
hackwards over the whole of the inrier 
‘surface of the eight pairs of ribs that 
compise the carapace; #0 that the lmigs 
‘are above all the abdominal viscera, they 
extend backwards even above the Viscera 
of the pelvis; thus the turtles ere 
ipported in the water by great sacs of 
tir in the position of the afr-bng of fishes, 
bat the cells of the lungs are enormously 
develdped, contrasted with thelr general 
cavity. In many of thove chelonian re 
tiles we see a very great advantage ob 
tained by being able to receive @ very 
Harge quantity of air, not subservient to 
resptration, into the cavity of their trunk. 
‘The heavy carcass of the turtle that sails 
by the slow motions of the arms through 


the deep, is greatly assisted in ite move-| by 


‘ments by thts large quantity of air taken 
into the cavity of the trunk.” ‘The bod! 
thereby lightencd, and this is required in 
these animals, where the muscular activity 
and force are comparatively feeble, and| 
the respiration ie comparatively limi 
We perteive thus that there fs not a direct 
‘yatio between the quantity of air that is 
tikén into the interior of the body, and 
the extent of respiration in animals. By] 
the extent of respiration of animals we 
mean, therefore, the extent of surface 
‘over which’ the blood of the pulmonary 
vessels is distributed, #0 as to come fn 
‘contact ‘with atmospheric air, 80 that 
‘the malt but minutely subdivided cel- 
Inlat Kinga of & rabbit present a much, 
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more extensive surface for the distribu 
tton of the venous blood over their interior 
than the enormous lungs of a turtle ten 
times is size. The quantity of airtaken im 
by the ‘quacruped fa really les, but is all 
employed in aerating the blood; hence ite 
high temperature activity and development. 
‘We percelve also that for the evacua+ 
tion of the contents of the intestine, and 
for the expulsion of the ova and other 
discharges, that this great\capacity of 
the respiratory organs is important itt 
the chelonia, where there is no motion 
whatever admitted of by the ribs, which 
‘are firmly united to the vertebra, and to 
the sternum. And as the trunk ix encom 
passed by an immoveable bony case, thé 
patietes of the abdomen are thus aided 
by the lungs in the natural evacuations. 
As no motions here of the ribs give astist 
ance in respiration, we obscrve that they 
are organized for that function nearly a@ 
frogs, that have no ribs whatever. Thé 
motion of insplration is in both cases the 
same, both are employed in moving backs 
wards and forwards the os hyoides, it 
drawing in the air through the nostrils, 
and in conveying it backwards by a kind 
of deglutition into the trachea, 
trachea has here generally a lengthened 
form, and is surrounded as in birds witli 
cartilaginous rings thet completely en+ 
compass it, Sometimes the trachea dis 
vides near to its commencetent at the 
larynx, and proceeds double, with those 
complete rings around it, to its termination 
in those great subdivided alr-nacs on cach 
side of the trunk. ‘This structnre of the 
trachea has reltion to the pressure to 
‘which those air-tubes are constantly sub- 
jected while the animals retract the head 
beneath the ribs. In birds also, this solidity 
of the trachea appears to bave relation te 
the very exteusive and varied motions 
performed by the neck in that class of 
animals where the head is their only 
hand, and the neck their only arm, and 
which motions tho trachea might have 
itecaliberdiminished, were it not 


{| by complete rings, which are most fres 


pletely cosifted, 
The respiratory apparatus of binds i 


tiles and that of the mammalia. In the bir: 
as in insects, the respiratory organs ex« 
tend through a great part of the body ; the 
cells of the lungs bave not yet been wholly 
collected ineo the anterior part of the 
‘tranic, #0 a8 to enable them to be commor 
diously placed in a cavity distinct from 
that of the other viscers, and by 
‘ musoular partition ; but many of the 
cella of the lungs are bere still continued 
into the eavity Of the and even 


jed.| intermediate in form betweon that scree 














































































































































































































1036" CONCLUDING REMARKS.—PUBLICATION OF THE COURSE. 


in these anonymous articles of the Ga- 
zette, been wantonly vented against the 
Editor of Tar Lancer, whose publica- 
tion it is said I commended to my class, 
in consequence of my vanity heing grati- 
fied by the manner in which my name 
has boen mentioned in some of the ad- 
vertisements of Tax Lancet; and the 
same impudent menials havo accused me 
of entering into a secret compact with 
Mr, Wakley to puff this University. 

‘You will ever obscrve that the keen 
edge of satire falls harmless, and turns 
back upon itself, when tempered with 
such rudeness and vulgarity: just criti 
ciara shuns the heat of malice and vitupe- 
ration, which evaporates its true spirit. 
I regret to say that I have seen that 
highly-talented and learned gentleman 
but once in my life, and I have never had 
a word of written correspondence with 
him on that or any subject whatever. The 
other statements and insinuations relat- 











iticisin of any journal. A 
which is in constant employment 
must inflict many a wound, bat if it be 
guided even with moderate skill and judg- 
ment, those whom it cuts mnst be be- 
nefited by the bleeding. ‘The best crite- 
rion of the merits of a public journal, I 
have ever considered to be the opinion 
and support of the public; and the long- 
continued and vast circulation of Tae 
Lancer is the best testimonial of the esti- 





mation in which it is held among medical | 
men. Had that journal been the produc- 
of some servile minions, hired to 

forward the ends of private interest, or 
party spirit, or corrupt monopolies, or 
place-hunting adventurers, and to slander 
aystematically the rising aud liberal insti- 
tutions of their country, it must long since 
have sunk, by exciting the contempt and 
disgast of all sensible men, or it would 
now have lingered on a miserable existence, 

rolonged only by the precarious glean- 

1g8 of its slander, detraction, and false- 
hood. Tux Lancer, every one knows, was 
commenced and is conducted by a private 
surgeon, and it presents 2 phenomenon 
perhaps unique in the history of our litera- 
Eire, rof an extensive weekly periodical, 
devoted to onc department of science, 
which is confessed, even by its enemies, 
to spare no man, and to have no patron 
among the “great,” and which yet for ten 
long years has fought ite own battles for 
the diffusion of useful medical knowledge 
and the reform of medical abuses, and 
with 90 much success, that now, when 
greatest victory is in prospect, our public 
bodies sccm to vic with each other in their 
endeavours to accomplish its objects, and. 
to rob that journal of the glory ofits con- 
quests, 

‘With these remarks, 80 foreign to our 
proper spbject that I beg you to excuse 
mmy introducing them, I conclude the pre- 
sent course, and wish you all success in 
your future pursuits, and much happiness 
and usefulness in your professional career. 
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